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SUPER TOUCH-SENSITIVE PIANO 

We have shown our special brand of skill and expertise in 
designing this piano featuring:— 

Wide range of touch-sensitive response ESU design. 

Free from breakthrough noise. 

Choice of keyboard C-C or F-F with Transpose Control. 
Two models are available. Model TS50 is a touch-sensitive 
piano only. Model TS53 has extra effects of Honky-tonk, 
Harpsichord with fast and slow tremolo. 

KIT SECTION PRICE LIST 

ESU5 + 5 Keyer Units E11-95 each, 5 required. 

ESU5 + 6 Keyer Unit £13-95, 1 required. 

Power Supply £9-50 
Keyboard and Switches £29-00 

Toneforming, Headphone and Voltage Regulator £14-50 

Loud and Soft Pedal £7-95 

Master Tone Generator £15-00 

Tremolo Unit £3-75 

Cabinet switches, etc. £32-50 

Can you afford £750 for an electronic piano? If the answer 
is NO why not visit our showroom and try our electronic 
pianos, discuss the technicalities in detail without 
obligation. 

WE GUARANTEE TO SAVE YOU MONEY. IT IS SIMPLE 
ONCE YOU KNOW HOW. 

Showroom: 12 Brett Road, Hackney, London E8 UP. 

Tel. 01-986 8455. 

Component shop: 40a Dalston Lane, Dalston Junction, E8 
2AZ. Tel. 01-249 5624. 

Parts for organ builders 

4- Octave C-C keyboard 

5- Octave C-C keyboard 
5-Octave F-F keyboard 
5-Octave F-F piano keyboard 
13 note pedal board 
25 note pedal board 
stop switches 
Tone Generator Units 
GD500/5 with 73 outputs 
GD500/6 with 85 outputs 
GD500/7 with 96 outputs 
Diode Gate Sustain and Distribution Units 
4-Octave with 3 pitches 

4- Octave with 4 pitches 

5- Octave with 3 pitches 
5-Octave with 5 pitches 
5-Octave with 6 pitches 

4- Octave with 9 pitches 

5- Octave with 9 pitches 


Toneforming Units 

3 pitches with 10 voices £24-00 

4 pitches with 10 voices £26-00 

4 pitches with 15 voices £27-50 

5 pitches with 10 voices £38-40 

6 pitches with 19 voices £65-95 

9 pitches with 10 voices £40-50 

Rotating Speaker Units 

Bass unit £68-00 

Mid Range £75-00 

Hi-Fi Horn £89-00 


Prices include VAT. 

Other useful components in stock for organ work. Send 
S.A.E. for lists. 


ELECTRONIC MUSICAL INSTRUMENTS 

12 Brett Road, Hackney, London, E8 UP. 
01-986 8455 



£26-00 

£28-00 

£28-95 


£25-00 

£55-00 

75p 


£39-95 

£48-50 

£52-50 


£32-00 

£38-00 

£33-00 

£60-00 

£65-00 

£88-00 

£96-00 



PHILIPS 


PHIUPS 


HI-FI 


The top sellers for home assembly in 
Europe - now available in the U.K. 

Now - read all about the Philips range of 
quality kits for home assembly - mixers, amplifiers, 
speakers, etc, etc. Send today to 
S.S.T. Distributors (Electronic Components) Ltd., 
West Road, Tottenham, London N17 CRN 


^Tlease send me. quickly, the new colour catalogue. pe 9/i 

I Nanle 

1 Address 

1 rpHiuPS 

\ 

\ Postcode 


m SEND 

^ TODAY! 

BA S.S.T Distributors IS a member of 

the Philips Group of Companies. 
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iHandy size Reels and Dispensers 


I SCORE'^^^SOLDER 


;SAVBIT 


handy solder 
dispenser 

Contains 2-3 metres 
approx, of 1'22mm 


Ersin Multicore 


t Solder. 
Savbit Increases 
life of copper bits 
by 10 times. 


sizes 49p 

For soldering 
fine joints 




simplify those smaller jobs. 
PC115 provides 6-4 metres 
approx, of 0'71mm solder fc 
fine wires, small components 
and printed circuits. 

PC11S 57p 

Or size 19A for kit wiring or 

radio and Ty repairs. 

2-1 metres approx, of 


\ ^SIze19A 53p 


OF THE WORLD’S FINEST CORED SOLDER TO DO 
A PROFESSIONAL JOB AT HOME 

Ersin Multicore Solder contains 5 cores of non-corrosive flux that Instantly cleans heavily 
oxidised surfaces and makes fast, reliable soldering easy. No extra flux is required. 


handy size reels of SAVBITf 
40/60, 60/40 and 
ALU-SOL 


alu-sol X" 

These latest Multicore solder reels are 
ideal for the toolbox. Popular specifications 
cover all general and electrical applications, plus a major 
advance in soldering aluminium. Ask for a free copy of Hints 
on Soldering' containing clear instructions to make every job 
easy 


BIB WIRE 
STRIPPER 
and CUTTER 


Fitted with unique 
B-gauge selector and 
handle locking device. 
Sprung for automatic 
opening. Strips flex 
and cable in seconds. 

Model 8B 86p 


40/60 

Tin/Lead 

ALU-SOL 


similar work. Increases 
copper-bit life tenfold. 





Absorbs f-'"- ' " -- 

Instantly I 
tags, printed 
circuits etc. Only needs 
40-50 watt soldering iron. Quick 
and easy to use. Non-corrosive. 

Size 18 97p 


Sole U.K. Sales Concessionaires: 

Bib Hi-Fi Accessories Limited, 

Kelsey House, Wood Lane End, Hemel Hempstead. H 


Prices shown are recommended retail, inc. VAT. From < 
and hardware shops. In difficulty send direct, plus 20p I 
Prices and specifications subject to change without not 




complete digital clock kits 


“DELTA’’ 


REAL TEAK CASE 

NON ALARM 

£10-65 

+ 85p VAT 

ALARM 

£13-43 


FEATURES: < red ^in high LEDs. 12-hour display with a.m./p.m. indication. 
Power failure indicated by flashing display. Precise accuracy from mains 
frequency. Beautiful Burma Teak case or stylish Perspex (state first and 
second colour choice; white, red, blue, green, black). 

NON ALARM: Complete Kit (including Teak case) £11*50 incL; Module Kit 
(excluding case) £9 incl. 

ALARM EXTRAS: Pulsed alarm tone. Tilt operated "Snooze - period. Auto- 

ALARM: Complete Kit (including Teak case) £14-50 incl.; Module Kit 
(excluding case) £12*50 incl. 

PERSPEX CASES: 50p less than Teak. 

READY BUILT: Extra £2 on complete Clocks; extra 50p on Modules. 

TIMER FACILITY: Count in seconds up to 9 min 59 sec. extra 50p. 


"ALPHA" £11 incl. 

Ready Built. Non Alarm. White, black, blue. red. 
green 

4 digits phosphorescent green, fin high, 12- or 

Discount on orders over 5 clocks or kits 

Overseas: Add surface or air postage 

Send payment with order. S.A.E. for details 

BARON 

(PE4) Southview House, 6 Gower Road 
Royston, Hertfordshire 

Telephone: Royston (0763) 43695 





THiS fs the C atalogue you need 
< Zi solve your 

\ component 


buying 
problems I 


> ^ 

52 « 


Ffcese wnre your Mam* and Mdrn» m block capifal* 


d The finest components 
catalogue yet published. 

• Over 200 A-4-size pages. 

• About 5,000 items clearly 
listed and Indexed. 

• Nearly 2,000 illustrations. 

• Bargain List sent free. 

• At E1-40, incl. p. & p., the 
catalogue Is a bargain. 


Send the coupon below now. 
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SAXON ENTERTAINMENTS LTD 


SYSTEM 7000—GUARANTEED MODULES FOR 
ALL DISCO/P.A. APPLICATIONS 


POWER AMPLIFIER MODULES 30—240 WATTS 







ON QWS^S^RBrPpCb" MODULES-READY WIRED AND FUSED 


l0 00 0 6 0«o«ce:s;.™r 






COMPLETE DISCO SYSTEMS From only 

(With two year guar antee—low Interest credit) £16-06 
Centaur 100W deposit 

ight sequence p/us display 

£12 01 


£225 + £10 earr. 

Dep. E28-00, 12 months at £21 -38 or 24 months at 


'srS—SZ. 




"agr; 







5 lE= ”2 






=.:s.r;rK 

ris'iZgpK 


iS 7 =”'I!_ 

WESIII 






PIEZO HORNS! Ssnrss,*.... 





d 
















































NEWfor electronic Sesiga engineers! 


FIX-PRINT for printed circuits 


Invaluable for holding P.C.B.’s 
and other panels when inserting 
and soldering components. Can be 
adjusted to suit work up to 280mm, 
rotated to gain access to reverse side 
and locks in any position. All metal. 
Price £10 inc. VAT. P. & P. £1. 

Write or phone for full details. 


Robust, all metal with ample throat 
dimensions. Adjustable height 
cantilever with lever actuated feed. 
Spring return. Will accept both P1 
and P2 drills. 

Price £18-50 inc. VAT. 

P. &P. £106. 


Constructed to take the 
popular P1 drill and en¬ 
sure a high degree of 
accuracy in all types of 
electrical precision work. 
Price £5-13 inc. VAT. 

P. & P. 38p. 


Sole UK Distributors 

PRECISION PETITE LTD 

119a HIGH STREET TEDDINGTON MIDDLESEX TW118HG 

TEL; 01-977 0878 • 24 Hourrecorded service 


NEW- 

FST216 BARGRAPH LED DRIVER 

This new imported chip wiil drive a 16 LED array from kn 
analogue voltage input. It may be connected for running 
point, discriminator magic eye, or bargraph mode. 

Price £4 each (£7-50 for 2) incl. P. & P. 

ITT 10 WAY LED ARRAY 

Red or green. Price £3-65 each (£7 for 2) incl. P. & P. 


F.S.T. LTD. 


THE OPEIM DOOR TO QUALITY 


P.E. JOANNA 

ELECTRONIC PIANO 


ALL PARTS CAN BE 
SUPPLIED 

Keyboard, Keyswitch, P.C.B.s, 
Hardware. Semiconductors. 
Resistors, Capacitors. Cabinets 
Complete kits or easy stages 
Send S.A.E. for details 

Clef Products 

31 Mountfield Road 
Bramhall, Stockport, Cheshire SK7 1LY 


4th i: 


INCLUDES NEW METERS 


as well as new switches and items from advanced opto¬ 
electronics to humble (but essential) washers. Many 
things listed are very difficult to obtain elsewhere. The 
company's own computer is programmed to expedite 
delivery and maintain customer satisfaction. Attractive 
discounts continue on many purchases: 

Access and Barclaycard orders are accepted. 




144 


pages 


post paid 


inc. refund 


voucher 

























Scale mirror and fine pointer for accuracy of reading. Singie Knob main 
range awilching and ali panel controla. C.E.I. Class 1 movement with sprung 
jewel bearings. Extended 92mm scaie length for extrs clarity. Compact ABS 
case 125 x 131 x 37mm. Weight 750g with batteries. Supplied complete with 

30kV d.c. probe available. 


range, including multi-meters, compon 


I Instruments Ltd. 

19 MULBERRY WALK. LONDON SW3 6DZ TEL: 01-352 1897 


CRESCENT RADIO LTD. 



Join the Digital 
Revolution 

Understand the latest 
developments in calculators, 
computers, watches, telephones, 

television, automotive Instrumentation. . . 


Each of the 6 volumes of this self-instruction course measures 
1H" X 8r" and contains 60 pages packed with information, 
diagrams and questions designed to lead you step-by-step through 
number systems and Boolean algebra, to memories, counters and 
simple arithmetic circuits, and on to a complete understanding of 
the design and operation of calculators and computers. 

Design of Digital Systems. 



£ 6-20 

plus 80p packing and 
surface post anywhere in 
the world. 

Payments may be made in 
foreign currencies. 

Quantity discounts available 
VAT zero rated. 


Also available—a more elementary course assuming no prior 
knowledge except simple arithmetic. 

Digital Computer Logic and Electronics 


1. Basic Computer Logic 

2. Logical Circuit Elements 

3. Designing Circuits to Carry 
Out Logical Functions 

4. Flipflops and Registers 


£4-20 

plus 80p P. & P. 

Offer Order both courses for the 
bargain price £9-70, plus 80p 


Designer 

Manager 

Enthusiast 

Scientist 

Engineer 

Student 


These courses were written so that you 
could teach yourself the theory and applica¬ 
tion of digital logic. Learning by self instruc¬ 
tion has the advantages of being quicker and 
more thorough than classroom learning. You 
work at your own speed and must respond by 
answering questions on each new piece of 
information before proceeding to the next. 


Guarantee—no risk to you 

If you are not entirely satisfied with Design of 
Digital Systems or Digital Computer Logic and 
Electronics, you may return them to us and your 
money will be refunded in full, no questions asked. 
Cambridge Learning Enterprises (Dept. ENG). 

Rivermill House. St. Ives. Huntingdon. Cambs. PE17 4BR 


To: Cambridge Learning Enterprises (Dept. ENG) ~1 

I FREEPOST. Rivermill House. St. Ives. Huntingdon. Cambs. PE174BR 1 
I 'Please send me . . .set(s) of Design of Digital Systems at £7 00 I 


•or set(s) of Digital 
each, p & p included 


Computer Logic 


Electronics at £5 00 


•or. combined set(s) at £10 50 each, p & p included 




I 'delete as applicable | 

I No need to use a stamp—just prirtt FREEPOST on the envelope PE9 | 
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KITS FOR SYNTHESISERS, SOUND EFFECT 




COMPONENTS ^ SETS include ■» 

most of these msy be bought separstely. Fuller 
details of kits. PCBs and paru are shown in our 

CIRCUIT AND LAYOUT DIAGRAMS are supplied 
free with all PCBs designed by Phonosonics. 
WOTOCOPIES of the P.E. texts tor most of the 

PHONOSONICS 

MAIL ORDER SUPPLIERS OF QUALITY 
PRINTED CIRCUIT BOARDS, KITS AND 
COMPONENTS TO A WORLD-WIDE 

MARKET. 
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\bur free start 
to a rewarding 
newhobby 

Heathkit make the 
world’s largest range of 
electronic Wts. 

Including amateur 
radio, test equipment, 
educational and general 
interest kits. 

Every one of which 
comes to you absolutely 
complete-right down 
to the last nut and bolt. 



You’ll also get a very easy to understand 
instruction manual that takes you step by 
step through the assembly. 

So, besides making an attractive, useful 
piece of equipment,you’ll also 
have the makings of a 
satisfying, rewarding hobby. J 
To find out more, post' 
the coupon and well send 
you our latest catalogue. 

Heath (Gloucester) Ltd., 

Dept. PE97, Bristol Rd.,1 
Gloucester, GL2 GEE. 

TebGlos (0452) 2945L 

HEATHKIT 

BET TER BUILT BECAUSE YOU BUILD IT Y OURSELF 
fThe new Heathkit catalogue-Out now free! 

I To: Heath (Gloucester) Ltd,Dept. PE97 1 Gloucester, I 

I r - ■ .. ' 



GL2 6EE Please send me my Heathkit catalogue. 
I enclose an lip stamp for postage. 



Showrooms at 233 Tottenham Court Road, 
London and Bristol Road, Gloucester. 
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INTERNATIONAL ELECTRONICS UNLIMITED 






































































U.K. RETURN OF POST MAIL ORDER SERVICE also WORLDWIDE EXPORT SERVICE 


R.C.S. 10 WATT 
AMPLIFIER KIT 


KUBA-KOPEN HAGEN 
STEREO 


R.C.S. POWER PACK KIT 








.. “i'- pric*. new "DISCO 100 WATT” £52 

BABQAIN ,,3W _ AMPLIHEH. 4 T,.nti.tor Purtl-Pyll 



.ss9S“zrr“"""""' 

&saiSH£SlSi= 



GOODMANS CONE TWEETER 


E.M.I. 13^ X Sin 
SPEAKER SALE! 


ES“.p°'’'" E6-50PO.. 






RADIO COMPONENT SPECjALISTS 337 whitehorse roa^, CROYWN, ^Kj^Tel. 01-684 1665 


















































































































15-240 WATTS! 


HY5 

Preamplifier 


The HY5 Is a mono hybrid amplifier ideally suited for all applications. All common 
input functions (mag Cartridge, tuner, etc.) are catered for internally, the desired 
function is achieved either by a multi-way switch or direct connection to the 
appropiate pins. The internal volume and tone circuits merely require connecting 
to external potentiometers (not included). The HY5 is compatible with all I.L.P. 
power amplifiers and power supplies. To ease construction and mounting a P C. 
connector is supplied with each pre-amplifier. 

FEATURES: complete pre-empllfler In single pack: multi-function equalisation: low noiae: low 
distortion: high overload: two aimply combined for stereo. 

APPLICATIOffS: hl-fl: mixers: disco: guitar and organ: public address. 

SPECIFICATION: Inputa-magnetic pick-up 3mV: ceramic pick-up 30mV: tunar lOOmV: microphone 
tOmV: auxiliary S-IOOmV: Input imp^ance 47kn at 1kHz. Outputs—tape lOOmV: main output SOOmV 
R.M.S. Active Tone Controls—treble ±12dB at 10kHz: basa ±12dB at 100Hz. DIstonion—0 1% 


Price £5-22 + 65p VAT. P. & P. 
HY5 mounting board B.1. 48p 



HY30 

15W into 80 


HY50 

25W into 80 


HY120 

60W into 80 

HY200 

120W into 80 





TWO YEARS’ GUARANTEE ON ALL OUR PRODUCTS 


I.L.P. Electronics Ltd. 
Crossland House, 
Nackington, Canterbury 
Kent CT4 7AD 

Tel (0227) 63218 


Please supply . 

Total Purchase price. 

I Enclose: Cheque □ Postal Orders □ Money Order □ 
Please debit my Access account □ Barclaycard account □ 

Account number. 

Name and Address. 
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AND NOW, HANDS-ON 

HE promised technological revolution 
triggered off by the microprocessor is 
well under way. The last two years have 
seen the appearance of a bewildering 
variety of mpu devices and the choice of 
device has not been made any easier for the 
non-expert by the strident claims of rival 
manufacturers. Now at last the dust is 
beginning to settle, and a clearer view is 
obtainable of the microprocessor scene. 
The several quite different uses of these 
devices have now become clarified. The 
best paths for the amateur to pursue have 
become identified.. 

Two years ago we published the first 
account of microprocessors to be written 
for U.K. constructors. Another 18 months 
were to pass before Microprocessors 
Explained, our first comprehensive intro¬ 
ductory series on this subject, was 
launched. (This pause for contemplation 
during the early stages of the “revolu¬ 
tion” proved, in the event, very wise.) 
Last month this series was concluded 
with an overall perspective of micro¬ 
processors and a constructors’ guide to the 
common mpu devices available. 

Concurrently with the run of Micro¬ 
processors Explained, we have published 
a number of reviews of commercial de¬ 
velopment systems, several of these being 
built from the kit of parts by the reviewer 
before being put through their paces in what 
the Jargon calls “hands-on” experience. 


This extensive coverage of commercial 
equipment was deliberate, contrary though 
it would appear to be to our normal 
editorial policy. The development systems 
reviewed ranged from the simplest and 
least expensive to some representative 
medium priced equipments—in all em¬ 
bracing the price range likely to be accept¬ 
able to most of our readers. 

Apart from gratuitous publicity for the 
makers of these equipments, the reviews 
provided valuable familiarisation with 
microprocessor development systems for 
our readers. They helped to demonstrate 
the features of various mpu chips and to 
make clear both the basic philosophy and 
the techniques involved in this new area 
of electronics. 

So now we have done our “home¬ 
work” and we trust our readers have also. 
The time is now right for some “hands- 
on” experience to be gained. 

The development system is likely to be 
the principal tool of the system designer 
in the years ahead. This, then, is obviously 
the first most useful way we can appl^ the 
microprocessor in the area of d.i.y. 
electronics. Hence our very first micro¬ 
processor-based project is the PE Champ 
Development System. 

Commissioned by Practical 
Electronics for the amateur designer, 
experimenter and constructor. Champ has 
been realised through the joint enterprise 
of our regular contributors Messrs. R. W. 


Coles and B. Cullen. This design has some 
excellent uncommon features and with its 
attendant units, the Programmer and the 
Eraser, offers the individual amateur (and 
also the small professional designer) 
overall facilities for developing micro¬ 
processor-based systems and for trans¬ 
ferring the finalised program into a 
PROM for incorporation in a dedicated 
system. 

The PE Champ is the first electronic 
design tool of the microprocessor age 
planned especially for the home designer/ 
constructor. We envisage that with its aid 
countless electronic projects based on a 
dedicatedfire-programmed microprocessor 
will in due course be created, and that 
some of these' projects will eventually 
appear in our pages as straight-forward 
constructionals. 

NEW FORMAT 

After a 13-year run without change, the 
page size of Practical Electronics has 
now been increased, as from this month. 
We hope readers will welcome this larger 
format; it does have obvious advantages. 
We appreciate that the actual timing of 
this change may seem a little awry. 
Unfortunately this was dictated by 
production requirements and had to be 
synchronised with the re-ordering of bulk 
paper supplies by our printers. 

F. E. BENNETT, 
Editor. 
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Copies of our June 1977 and subsequent 
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each including Inland/Overseas p & p. 

Binders for PE are available from the 
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£2-70overseas, including postage and packing, 
and VAT where appropriate. Orders should 
state the year and volume required. 
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Letters 

Queries regarding articles published in PE 
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THE PE CHAMP PHILOSOPHY 


T he microprocessor revolution is with us, and before long 
it will have steamrollered its way through to all but the 
most rudimentary electronic project areas. Before becoming 
a revolutionary, however, you have to make a careful choice 
concerning just what you want from this exciting new 
technology. A baby computer? A tutorial system? Or 
perhaps the ability to put together more effective logic and 
control systems ? This choice is necessary because it is a fact 
that no reasonably priced microprocessor system can give you 
all of these things in a satisfactory combination. 

CHAMP, in keeping with our “practical'' image, is about 
making microprocessors work for a living; it is not a 
primitive attempt to emulate a full size data processing 
system which on grounds of cost alone, would fall short of 
desired performance in most respects. CHAMP is a develop¬ 
ment system which can be built economically without any 
requirement for expensive gadgets such as Teletypes, 
VDUs, or floppy discs; all you need can be built by you, 
including if you so wish, a PROM programmer and eraser. 
WHAT CAN YOU DO WITH IT? 

Well, you can't expect to sit down and write BASIC 
programs which beat you at chess. CHAMP is for examining 
switches, operating I.e.d.s and relays or playing "God Save the 
Queen", Stylophone style. It will central your model train 
layout or your f.m. tuner and Hi Fi system and later help you 
to put together small, cheap dedicated microprocessor boards 
to run the firmware programs you have developed to do these 
Jobs. It has a calculator-type organisation which makes it 
easy for you to build up a collection of programs to crunch 
decimal numbers, if that is your interest. If you want to 
learn how to do practical things with microprocessors it will 
also form an excellent tutorial system to get you started. 
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HOW DOES IT DO IT? 

Well, cheaply for a start. CHAMP uses one of the 
cheapest microprocessor chips around, but nevertheless has 
plenty of capability which you would be hard pressed to 
employ to the full. In our opinion it's no use investing in the 
fast, all-bells-and-whistles MPU chips unless you can afford 
the memory and peripheral facilities required to take 
advantage of their power. 

With CHAMP you can write your programs into RAM while 
you are developing them, but you won’t lose them when you 
hit the mains-off switch. CHAMP program RAM, all 512 
eight-bit words of it, is of the CMOS variety which is sup¬ 
ported by batteries when the power is off. This advanced 
feature removes the need for paper-tape readers or cassette 
interfaces and puts you streets ahead of some of the “noddy" 
development kits now on the market. 

You write your programs into RAM with the aid of a simple 
hexadecimal keyboard and display, under the supervision of 
routines in the CHOMP firmware which (to save you buying 
a lot of expensive PROMs) fits into a single I702A device. 

Interfacing CHAMP is simple because a low cost, 
program-configured interface chip is provided on the board 
to allow you to connect up to Just about anything from a 
psychedelic light show to an array of toggle switches. The 
only addition required is the appropriate buffering, which 
can be mounted on the integral bread-board socket strip 
provided for this purpose. 

In a nutshell then, the CHAMP philosophy concerns putting 
microprocessors to work in practical situations as cheaply 
as possible, using familiar constructional techniques to 
build a completely self-contained system with simple operat¬ 
ing procedures. 
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•^Calculator-based hexadecimal keyboard and display allow rapid program entry 
and debug 

•^On-board battery supported CMOS RAM for up to 512 program steps allows retention 
of carefully entered programs with power off 

-^Based on well supported Intel 4040 microprocessor. Has 60 easy to learn instructions 
which include binary and decimal arithmetic and keyboard encoding 

if Twenty-four on-chip registers and interrupt facility available 

ifSystem monitor program CHOMP allows examination or modification of program 
memory, and program execution in single-step mode 

if Open plan design allows easy access to all parts of circuit; no expensive plug-in 
cards to buy 

if Programmable Inputfoutput interface chip makes for versatile interfacing at the 
breadboard level 

if Optional PROM programmer and eraser allows a full development cycle to be under¬ 
taken by the home constructor for the very first time 

if No need for any expensive peripheral equipment like TTY or VDU 


1“ MEET THE FAMILY 


Estimated Component Costs... 


C HAMP stands for low Cost //ighly /Idaptable Micro 
Processor, and we feel that those words really do sum up 
the main attributes of this versatile and capable system. 
CHAMP is not a toy for you to merely sample the wonders of 
real computers. CHAMP is a real computer in its own class, 
and it will not leave you wishing that you could afford a 
floppy disc system or another 8K of ram, because it does not 
require these things to operate effectively. CHAMP is a 
development system for both software and hardware which 
will enable you to develop functional programs for their own 
sake, or for later inclusion in small minimal-hardware sys¬ 
tems which could be built for a very small outlay. 

CHAMP does not live on a collection of very expensive 
plug-in cards which have to go into an equally expensive 
19in rack case (where you can’t get at them anyway without 
expensive extender cards). Instead it fits on one large 
“open-plan” 01 in matrix Veroboard which costs a lot less 
than a single plug in dip board and allows you to stick your 
multimeter probes anywhere you like without being a con¬ 
tortionist. 

There is ample room on the board for you to add ideas of 
your own, and all the buses to which you may need access arei 
brought out on the cheap 16-pin dil sockets so that you can 
debug or expand your system easily. The CHAMP circuit 
board slides into guides mounted above an attractive low 
profile plinth which houses the power supplies and also pro¬ 
vides the control panel and a hardware development area. 

KEYBOARD 

The only peripheral equipment you need to enter and 
examine your programs is a simple hexadecimal keyboard 
and display unit which uses 16 keys labelled 0-9 and A-F 
and can display eight digits in seven-segment format. One of 
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Fig. 1.1. Basic block diagram of the PE CHAMP Development System 


the simplest and cheapest ways to build this keyboard is to 
modify one of the now commonplace “throw-away” cal¬ 
culators, and constructional details for this and a “build 
from scratch” version will be provided later. 

ENTERING AND RUNNING PROGRAMS 

Before you can enter programs of cdurse, you have to write 
them, and this is done using the evolutionary process of vague 
flow-chart to detailed flow-chart to list of hexadecimal coded 
instructions, as developed in Part 3 of Microprocessors 
Explained. Examples of this procedure will be given later, 
together with some sample programs for you to try out. 

When power is applied CHAMP is reset and the display 
shows the hexadecimal equivalent of the first program ram 
address. Pressing keys on the keyboard will enter hexa¬ 
decimal code up to three digits long and this can be entered 
either as a new address (by pressing enter address) or as a 
program instruction/data value (by pressing enter data). 
After the enter data switch is pressed, the current address is 
incremented by one to point to the next available location in 
RAM, ready for further data. If you like, you can examine the 
existing contents of a ram location using the dump switch 
whereupon the address will again be incremented to allow 
you to step through a program and compare it with your paper 
version. A reset switch is provided so that any current 
operation can be aborted, and run/stop and single shoi 
switches allow you to run a program one instruction at a time 
for debugging purposes. 

When you are satisfied with a program you have entered 
you can throw the mode switch to the run position to allow 
your program to do its stuff, exiting if necessary with the 
reset switch. 



CHAMP circuit board 

MPU CHIP 

CHAMP is built around an INTEL 4040 microprocessor, 
but provides facilities for the development of programs and 
hardware for either the 4040 itself or the simpler 4004. 
This dual processor versatility is possible because 4004 
instructions form a subset of the 4040 instruction set, making 
it possible to run any program written for the 4(X)4 on a 4040 
system. All that you have to remember when writing 4004 
programs to try out on CHAMP is that you must not include 
any “4040 only” instructions in your code. 

The 4040 chip on CHAMP itself forms part of a complete 
microprocessor system which includes a versatile crystal 
clock circuit and both program and data memory. Two 
input/output interfaces are provided, one dedicated to the 
control panel switches and one which can be used either by the 
hexadecimal keyboard or by any external hardware provided 
by the user. A single level interrupt is provided which is 
used by the keyboard but which can also be used externally, 
when required for any particular application. 
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MEMORY 

With the 4040 system organisation, data ram is kept 
separate from program ram, leading to an easy to understand, 
calculator-type architecWre which is extremely easy to use. 

Eight kilobits of program storage are available on a fully 
stuffed CHAMP board, organised as 1024 eight-bit words. 
Of these, 512 words are available as two 1702 u.v.-erasable 
PROM chips, and a further 512 words are available as four 
5101 CMOS RAM chips. Only one prom chip is required for 
the CHOMP firmware, although both chips will be required 
if the prom programmer unit is added later. The cmos ram 
can be added in two 256-word increments if desired, allowing 
a minimum operational CHAMP configuration of CHOMP 
(256 words) -f 256 words of ram available for user programs. 
The CMOS RAMS have a very low current drain when on 
standby, and because of this they can be made to retain their 
data without mains power with the aid of a simple power- 
fail-detect circuit and a 3-cell DEAC battery. This part of 
the CHAMP circuitry is unique, and gets over that awful 
problem experienced with most development systems where 
you have to lose all your laboriously entered hexadecimal 
code at the end of the day, a problem which usually forces 
users to buy paper-tape systems or cassette interfaces to allow 
rapid program re-entry at the start of a new session. 

CHOMP 

CHOMP stands for Cf/amp Operating system and Monitor 
Program and is the name given to the collection of programs 
required to control all the CHAMP facilities during program 
entry and debug. CHOMP is entered automatically at 
power on, and can always be restarted at any time by pressing 
the RESET button. CHOMP contains routines for refreshing 
the eight-digit seven-segment display, for accepting and 
storing keyboard entries, for entering instructions or data 
into RAM, for examining existing ram content and for entering 
a new effective address. 

In order to keep costs down, CHOMP has been made small 
enough to fit into a single 1702A prom and has been written 
so as to provide a range of programming examples for those 
new to the game. Later in this series the complete listing of 
CHOMP will be provided, together with a full description of 
how it works. Arrangements have been made for the supply 
of ready programmed proms and also for CHOMP to be 
loaded into constructors’ existing proms if required, full 
details of this service will be provided later. 


CHAMP-PROG 

CHAMP-PROG is an optional prom programming acces¬ 
sory for CHAMP which extends the system’s usefulness 
immeasurably. Using this unit, programs developed and 
debugged in ram can be transferred to permanent storage in 
the form of low-cost 1702A proms which can be erased and 
reprogrammed as often as required. 

This facility turns CHAMP into a no-compromise develop¬ 
ment system which enables you to: 

(i) Develop and debug programs in CHAMP ram. 

(ii) Develop and debug interface hardware on the CHAMP 
breadboard, and with CHAMP-PROG. 

(iii) Dump your working programs into prom chips and 
plug these into “Sons-of-CHAMP” minimal micro¬ 
processor circuits which can then be used to carry out 
dedicated tasks. 

This classic use of prom programming is not the only way 
in which CHAMP-PROG extends CHAMP facilities how¬ 
ever; PROMS can now be used simply for the long term storage 



Fig. 1.2. Using CHAMP as a development system 
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of useful but no longer current programs, and these can be 
kept in a “box-on-the-shelf” until next required. This is 
possible because not only does CHAMP-PROG let you 
dump RAM into prom, it also allows you to reverse the process 
and dump prom back into ram. In this way a firmware 
library can be built up, consisting of useful program segments, 
games programs, etc. all of which can be reloaded into the 
CHAMP operational ram area in just a few seconds. 

MATCHING PLINTH 

CHAMP-PROG is designed to be a companion to CHAMP 
in every way, including the use of an identical layout tech¬ 
nique and a matching plinth. CHAMP-PROG uses the 
-I-5V and — lOV supplies provided by CHAMP itself, and in 
addition contains the 80V d.c. supply required for the pro¬ 
gramming operation. Areas of the “open-plan” circuit 
board carrying this higher voltage are screened off with the 
aid of a clear plastic window to prevent any accidental 
catastrophes with bare wires. 

PROMPT 

CHAMP-PROG is controlled by a firmware program 
called PROMPT (prom Programming Technique) which fits 
into a 1702A prom and is plugged into the second prom 
socket on CHAMP. PROMPT uses several CHOMP 
routines and also uses the CHAMP keyboard and display for 
the entry of programming requirements and the display of 
“next entry” prompting messages. 

To program a prom the required address range is entered 
via the keyboard, the prom is inserted into the zero insertion 
force socket, the program power switch is turned on, and the 
program button depressed. The programming of a full 
PROM takes about two minutes although dumping prom data 
into RAM is of course much faster. 

CHAMP-UV 

CHAMP-UV, the last of the CHAMP family, is a safe 
but low cost PROM eraser which becomes necessary when 
CHAMP-PROG is added to the CHAMP system. CHAMP- 
UV will erase in a matter of minutes any u.v.-erasable prom 
including the 1702A, 2704 and 2708 variety, and can handle 
up to 10 of these at a time. 

Erasure is achieved in a light-tight box which houses a 
short-wave u.v. tube interlocked so that it is always “off” 
when the lid is open. This interlock is necessary because 
short-wave u.v. light can be harmful to the eyes and skin. A 
timer is included so that the over-exposure of expensive 
chips can be avoided. 

NEXT MONTH: The PE Champ Circuitry 



NEWS BRIEFS 


Low Cost Video Recorder 

A n agreement recently signed between BASF AG and Bell 
& Howell Corporation is expected to result in the 
development for the amateur market of a video cassette 
recorder based on BASF’s Linear Video Recording (LVR) 
technique. The new recorder is expected to be on the market 
in time for Christmas 1979. 

The LVR cassettes are claimed to occupy only about one 
quarter of the volume of other video cassettes, yet provide 
double the playing time. The 6-25mm CrOj tape travels 
backwards and forwards past a stationary head at 3m/sec, 
and is recorded with 28 tracks. 

Economical, high-quality tape duplication is possible in a 
single pass, using a multiple head. 

The small size of the cassette, the low tape consumption, and 
the use of a simple mechanism and sophisticated electronics 
mean that the LVR system offers great potential for miniaturi¬ 
sation. For example the tape transport system could be 
integrated into a video camera. 


AVM For Dublin Buses 

P E Dublin City Bus Service’s entire fleet is to have what is 
claimed to be the world’s most advanced automatic 
vehicle monitoring system (AVM), supplied mainly by 
Storno Ltd. of Camberley, Surrey. 

Each bus will be fitted with an odometer, the initial reading 
of which is fed to a computer at the outset of each journey. 
Control Inspectors from seven different garages will be able 
to locate precisely, any bus, using telephone line modems 
feeding VDU terminals. 

A Storno CQF612 v.h.f. Data Transmitter situated on 
Three Rock Mountain, will be u.h.f. linked to the computer 
at O’Connell Street. The bus-borne control heads are also 
capable of speech communication directly to the garage, if 
requested. 

In addition, the Storno bus data unit stores the bus location 
and passenger loading, as well as up to ten mechanical para¬ 
meters such as engine temperature and oil pressure. The 
computer system will be interrogating for data at the rate of 
900 buses per minute, using a fully duplicated radio system. 

Control Inspectors will also be able to watch traffic and 
passenger queue conditions using remotely controllable 
CCTV cameras at city centre points. 

The system is expected to be in operation by mid 1979. 
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FRANK W. HYDE 


SPACE SHUTTLE: FULCRUM OF 
THE FUTURE 

When history records the first shuttle 
spaceflight it will mark a new era in man’s 
conquest of the frontiers of the future. In 
the past there have been great turning 
points in history but all too often a mere 
handful of people recognised the implica¬ 
tions for the future. 

It is to be hoped that at this space 
turning point, it will be realised that the 
world Has reached a new hilltop. For the 
first time in all progress the frontiers are 
limitless in extent. It must be recognised 
that stagnation in growth will be but the 
prologue to decline and that utilisation 
must be the key expanding technology. 

The present system of economy is 
impeded by fiscal considerations. This has 
become more and more evident by the 
confinement of incredible technological 
successes of the space age. Full utilisation is 
as important in terms of return for any 
hope of a full and happy future for man¬ 
kind, as for the future growth of know¬ 
ledge and understanding. 

To set this in perspective low cost 
utilisation is required. A simple case 
might be illustrated by the fact that to 
fly in a round trip from London to the 
Bahamas and back a payload of 2001b 
uses about a third of the energy fo put the 
same payload into near Earth orbit. It 
costs about £300. To put the same pay- 
load into near Earth orbit it costs about 
£50,000. 

The answer is not merely re-usability 
but rather full utilisation. To achieve this 
situation in a fiscal economy the man- 
in-the-street has to be alerted to the future 
benefits to himself and his dependents. 
These have to be practical and within his 
grasp. 


Therefore, it must mean that the 
resources can provide him with peace 
and a good life for himself and every one 
else. It must be such that want or having 
less than the next is removed from his 
experience. This is the vision of the future 
to be made reality. The shuttle provides 
the first step. 

It is already apparent to those close to 
the space technology that many practical 
applications are already in being. Indeed, 
a whole library of books could be set up to 
record the benefits already accrued. 

Those in the immediately forseeable 
future cover the low cost communication 
systems, utilisation of the solar potential, 
space manufacturing and, even space for 
living in ideal conditions. All these are 
within the present technology and this 
is but a start. In all of this mankind can 
participate. 

THE BENEFITS 

It is perhaps worth a little look into the 
potential benefits in the next three decades. 
The requirements are that the low cost 
transportation offered by the shuttle 
provide the way for the high traffic 
load set up by the utilisation of solar 
power, the needs of space manufacturing 
and the welfare runs for the medical care 
of those in need. 

In the beginning the Shuttle Transporta¬ 
tion System will be employed in the 
simplest of its modes. That is, it will 
operate somewhat as a manned booster. 

Permanent space construction systems 
will be required for the platforms support¬ 
ing solar energy collectors. Units for 
Spacelab operations will need to be 
tended and in the early days the 
duration of the work programmes will 
mean an exchange of personnel about 
every 15 to 30 days. 

Missions which are being anticipated 
now will involve flights of longer duration 
for those such as life science activities. 
Other missions such as those dealing with 
material processing will require the 
transport of raw materials to, and finished 
products from, the more permanent space 
plants. 

The next phase will be the establishment 
of permanent stations (automatic and 
manned) which will need tending. From 
thence to the third phase which could see 
permanent geostationary structures of 
large size. The ability to go into and back 
from the space involved sets the seal on 
both utilisation and volume of traffic. 

Self-sufficiency will progressively in¬ 
crease where closed ecological environ¬ 
ments, will use space generated power and 
even space produced materials. It will be 
the era of winning the resources of the 
Moon and later the other sources of 
raw materials that will be available for 
the taking. 

NEW TECHNIQUES IN 
OPERATIONS 

During the last two decades the space 
operations have had a basic pattern. 
This is that the spacecraft are kept as 


simple as possible to enable extreme 
reliability to be achieved. 

The cost of the success of this policy 
was the requirement that the ground based 
equipment became extremely complicated 
in order that as many functions as possible 
remained earthbound. With the easy 
access to space these considerations can 
be reversed. The result is that the earth 
based equipment can be simplified by the 
introduction of large and complex satel¬ 
lites which can be regularly serviced and 
multiplied in numbers. 

Large antennas of high gain with un¬ 
limited power available would reduce the 
size of earth based terminals and in the 
case of communications bring them to the 
size of the present television aerials for 
any telephone subscriber and indeed 
perhaps directly to the wrist telephone. 

SPACE PROCESSING 

High vacuum and the absence of gravity 
offer certain unique opportunities in 
manufacturing and processing. Already 
this has been established in space missions. 
The growing of crystals and the manu¬ 
facture of special alloys have attracted 
the attention of a number of planners. 

One example taken from the ApoUoj 
Soyuz test mission showed that silicon 
ribbon could be manufactured in space 
economically. This has been investigated 
recently and it was discovered that'there is 
a four to one advantage of the space 
produced ribbon over present earth based 
manufacturing methods. 

In other fields there are pharmaceutical 
materials which would benefit from space 
production. One such is an enzyme. 
Urokinase, which dissolves blood Clots. 
Its present cost is of the order of £350 per 
dose. Some 100,000 cases have resulted in 
death because of this. The cost of produc¬ 
tion in space would be within reasonable 
bounds. It was established that in space 
the zero gravity enabled the raw material 
for this process, kidney cells, to reach an 
extremely high yield over the normal 
method. 

In other areas the production of power¬ 
ful permanent magnets is superior to the 
process on earth. In the field of optics 
precision glasses can be raised to a high 
degree of purity. 

PAYLOADS 

It might be in order to show the com¬ 
parisons of payloads for the present 
system and those possible with the 
shuttle system. The Thor-Delta systems 
can put a 2,0001b payload into orbit in an 
8ft diameter unit. These can be placed in 
transfer orbits if required. The shuttle will 
take over from these single unit launches 
and put into orbit loads of 60,0001b up 
to 60ft in length and 15ft in diameter. 

It is not difficult to extrapolate from 
there and the prospects for large stations 
are good. It would seem that the solution 
of survival may well lie in the control of 
the Earth from space. 
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T his article describes the design and construction of an 
economical Frequency Counter/Timer unit which operates 
over the ranged Hz to 25MHz, giving readout on a 5 digit 
display, and using a crystal controlled oscillator for accurate 
timing. The instrument is primarily intended for use with 
digital circuitry, being capable of operating on positive 
voltage swings from 500mV to 25V. This Counter/Timer may 
be operated in one of four modes by selection on a single 
rotary switch: 

Position 1 measures frequency from IkHz to 25MHz. 
Position 2 on the mode selector measures frequency from 
IHz to 99-999kHz. 

Position 3 simply counts the number of pulses occurring 
at the input. 

Position 4 measures time in increments of 1ms during 
the enable period signalled at the instrument’s input. 
When set to read frequency, the instrument will display 
the result for approximately six seconds before automatically 
resetting and remeasuring. When set to read time, or count 
pulses, the instrument will display the result until the manual 
reset is operated. An input invert switch is provided, which 
reverses the input state so that the unit can count positive or 
negative edges when operating in the count mode, or measure 
the period of either a high or low state when timing. 

A d.c. coupled differential input amplifier i.c. is used at the 
system input, to allow voltage levels to be compared against a 
voltage offset. A knob is provided for this, which would be 
adjusted to the mid-point of the input signal voltage swing, 
so that the amplifier can detect the high and low states with 
maximum noise immunity. 

The semiconductor family chosen for the counters is the 
standard 7400 series ttl, giving counting speed of typically 
25MHz. Since these devices require a single supply of 
5 volts, it was decided to use ttl for the control and display 
logic also, and employ 5 V Minitron displays. This eliminated 
any voltage interface and multiple supply problems. 


CIRCUIT DESCRIPTION 

The operation of the Frequency Counter/Timer may be 
divided into three parts; (1) the input and display counter 
circuitry, (2) the control and reset circuitry, and (3), the IMHz 
oscillator and timebase counter. See Figs. 1, 2 and 4. 

The timebase counter (IC15-IC20) simply divides the 
waveform from the oscillator down to IkHz and IHz, the 
output selected depending upon whether the instrument is 
required to measure megahertz or kilohertz. If the counter 
is required to measure on the higher frequency setting, the 
IkHz clock is selected by S3a, so that the control circuitry 
enables the display counter (IC3-IC7) for a period of exactly 
1ms. This “enable” command is routed via S3c. The 
number of pulses entering the input at SKI during this period 
is accumulated in the display counter (via S3b), and sub¬ 
sequently displayed for approximately six seconds on the 
digital readout. 

A frequency of say 5MHz, when counted for 1ms, will 
read 5,000 pulses. Because there are five display digits, and 
the decimal point is wired to appear after the second digit 
from the left, this figure will relate directly to megahertz, 
i.e. 05.000. 

After the six second readout, the control circuitry will reset 
the display counter, so that the measuring cycle can be 
repeated. 

When the unit is used to measure kilohertz, the IHz clock 
pulse is selected, so that the control circuitry enables the 
display counter for a period of one second. Hence, the 
readout will display the number of pulses counted over this 
period, which will relate directly to kilohertz. 

When measuring time, the IkHz clock waveform from the 
timebase counter is connected directly to the input of the 
display counter (S3b, position 4), while the input signal is 
routed via S3c to the display counter enable. Hence, the 
display counter will count in increments of 1ms for the 
period during which it is enabled by the input signal at SKI. 
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When operating in the count mode, the display counter is 
connected directly to SKI, and the counter is permanently 
enabled by S3c (position 3) which is at +5 volts. The display 
counter will therefore indicate directly the number of pulses 
entering the instrument’s input. 

To summarise, the rotary switch positions are: 

(1) frequency in MHz. 

(2) Frequency in kHz. 

(3) Count pulses. 

(4) Time in ms. 

INPUT AND DISPLAY CIRCUITS 

The input amplifier chosen was the differential input line 
receiver SN75182 (see Fig. 1), which has a ttl compatible 
output, and an input resistance of typically 5k fl at the 
inverting terminal. The non-inverting input is taken to 
the wiper of VRl, which is connected between OV and 12-5V 
unregulated. Adjustment of this control determines the 
voltage level about which the input waveform is measured. 

The TTL output from this stage (ICl) is connected to inverter 
IC2e, so that either the inverted or non-inverted signal 
may be selected via S2. 

The display dividers are synchronous decade counter i.c.s 
which are connected in “carry look-ahead” mode. The 
“clock” and “clear” lines are each common to all the i.c.s. 



Fig. 2. Control and reset circuit. Pin 16 of 
IC13 is connected to 4 5v 
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signal changes the j input of the flip-flop to logical 0 to 
inhibit further toggling, and ensure that the display counter 
remains disabled. 

The rising edge of this monostable pulse operates the other 
monostable, IC13a, which sends a reset pulse of approxi¬ 
mately 0-5 seconds duration to both the flip-flop, and the 
display counter. 

After the returning edge of this pulse, the display counter 
and flip-flop are ready for the rising edge of the next clock 
pulse, so that the complete cycle may be repeated. A timing 
diagram is shown in Fig. 3. 

This particular combination of jk flip-flop and monostable 
was chosen because it operates on edges rather than levels. 
This was necessary to eliminate any possibility of premature 
switching which could occur if the flip-flop was enabled while 
the clock input was still high. This protection comes from 
the fact that the i.c.s are activated only during a small voltage 
window, which is passed through by the clock signal on its 
positive excursion. 



Fig. 4. Oscillator and 
timebase counter 


while the “enable” control from S3c is only connected to the 
least significant digit in the chain (IC3). The carry output 
from this stage is wired common with the p enable of the 
other stages, while the t enable pins of the remaining stages 
are each connected to the ripple-carry output of the pre¬ 
ceding stage. Hence, each counter i.c. is only enabled for 
the clock pulse which actually clocks that particular i.c. 
The BCD outputs are connected directly to the BCD-seven 
segment decode/display drivers (IC8-IC12), which drive the 
Minitron displays LPl to LP5. 


CONTROL AND RESET CIRCUIT 

The control and reset circuit is shown in Fig. 2, and 
consists of an edge triggered jk flip-flop (IC14), and the dual 
monostable IC13. When the system is operating in the 
frequency mode, either the 1 second or 1ms timing standard 
will be routed to the clock input of IC14, via switch S3a. 
Assuming both monostables are in their standby state, the 
j and K inputs will be at logical 1, which enables the flip-flop 
to toggle. At the first rising edge of the clock pulse, the 
Q output will change from logical 0 to logical 1, and hence 
enable the display counter. At the next rising edge of the 
clock waveform the flip-flop output will revert to its original 
state, and disable the display counter. 

The falling edge of this “enable” pulse operates the mono¬ 
stable IC13b, which produces a negative going pulse from its 
Q output for a period of approximately 6 seconds. This 


The monostable IC13b dictates the length of time the 
measured frequency is displayed for. This period of six 
seconds is determined by resistor R2 (33k fl) and capacitor C4 
(220/tF). "Should a variable display time be required, the 
33kfl resistor should be replaced by a lOkO resistor in series 
with a 30k potentiometer. This would give a display time 
variation of 2 to 10 seconds. 

The period of 0"5 seconds produced by the reset monostable, 
is determined by resistor R1 (33kft) and capacitor C3 
(47 aF). 

When operating in the time and count modes, a logical 0 
state is applied to the clock input of the flip-flop via switch 
S3a, which ensures that no toggling occurs, as this would fire 
the monostable and prematurely reset the display counter. 

OSCILLATOR AND TIMEBASE CIRCUIT 

Figure 4 shows the circuit diagram of the oscillator and 
timebase counter. The self-start oscillator comprises two 
cascaded Schmitt trigger nand gates IC2a and IC2b, each 
operated in linear mode by connecting a Ikfl resistor between 
output arid input, with an overall feedback loop via the 
IMHz quartz crystal. The 65pF trimmer capacitor (C5) 
is provided for fine adjustment of the crystal operating 
frequency, while the 680pF capacitor (C6) acts as a filter to 
ensure that only the fundamental frequency is generated. 

Schmitt input gates were chosen to give a reasonably 
square waveform, while lC2c is simply used as a buffer 
for the oscillator output to drive the timebase counter. This 
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counter utilises a chain of ripple-through devices which divide 
the clock input by ten at each stage. It is unnecessary to use 
the more expensive and power consuming syncluonous 
counters in this application, as only the time interval between 
successive rising edges is critical, and not the execution speed 
of the counter as a whole. The most significant bit of each 
decade counter i.c. is connected to the clock input of the 
following i.c. The preset and clear inputs are held in their 
inoperative states (logical 0). An additional inverter (IC2d) 
is connected from the IMHz frequency standard to a BNC 
socket (SK2) mounted on the front panel. 

POWER SUPPLY 

The total current taken by the Counter/Timer unit is 
approximately 800mA, and this can be provided by a mains 
9-B-9V, lA transformer. The output, when fullwave 
rectified by D1 and D2, and smoothed by C8, produces an 
unregulated line of just over 12'5 volts. From this, IC21 
produces a stable 5 volt power supply. The complete circuit 
is shown in Fig. 5, and capacitor C9 is connected across IC21 
output to prevent oscillation. Disc ceramic 0-01/<F capacitors 
are located between -I-5V and OV at various points along the 
supply line, which, because of their construction, have minimal 
inductance, and therefore efficiently shunt the fast spikes 
caused by ttl switching. 

Many components used in this instrument may be found 
going spare in the average constructor’s junk box, and indeed 
the prototype unit shown in the photographs used two parallel 
5V iA regulators instead of a single lA device, because they 
were to hand. 

CONSTRUCTION 

The front and rear panels of the instrument case should be 
drilled as shown in Fig. 6. The display window can be cut 
using an Abrafile or nibbler. Once the front panel has been 
worked, a piece of display filter material can be glued over 
the display window. 



Fig. 5. Power supply circuit diagram. Capacitor C9 is 
mounted across the leads of IC21 on the back-plate 


A different arrangement for SKI and SK2 might be 
desired, in which case alternative drillings may be required. 
In the prototype these were BNC sockets, but since a mains 
powered instrument housed in a metal case must be earthed, 
it will follow that with this type of connector, the OV of the 
system under test will be linked to mains earth when the test 
probe common clip is applied. This generally is of no 
consequence, but if the application envisaged by the con¬ 
structor should render this undesirable, then pairs of 4mm 
terminals or sockets would be an alternative for SKI and SK2. 


COMPONENTS... 


Resistors 

R1, R2 33ka carbon (2 off) 
R3, R4 1 kO i-W carbon (2 off) 

Potentiometer 
VR1 Ikniin. 


0"01(jiF disc ceramic (4 off) 
47nF 6-3V tant 
220iiF 10V eiect 
5-65pF trimmer (Maplin) 
680pF 

4,700[xF/16V axial lead 
47iiF 6-3V tant 


Semiconductors 

IC1 SN75182 or DM8820 (National) 

IC2 SN7414 

IC3-IC7 SN74160 (5 off) 

IC8-IC12 SN7447 (5 off) 

IC13 SN74123 

IC14 SN7470 

IC15-IC20 SN7490 (6 off) 

IC21 LM309K 

D1,D2 1N4001 (2 off) 


Miscellaneous 

LP1-LP5 Minitron type 3015F/BM15 (5 off) 

51 Sub-min mains switch (Arrow CTS3 or 
simiiar) 

52 Sub-min c/o toggie (Arrow CTS3 or similar) 

53 3P 4W rotary switch (Doram type) 

54 Min push-button c/o (Doram 337 942) 

T1 Transformer 9-0-9V 1A 

XL1 IMHzcrystai 

SKI, SK2 Square BNC sockets (500), or 2 pairs of 4mm 
sockets 

Instrument case: 204 x 76 x 152mm. 

Ribbon cabie 
Knobs (2 off) 

Grommet for mains lead 
Nuts and bolts (6BA and 4BA) 

Stick-on feet (4 off) 

Three core mains iead, and plug 
Wire, plugs, and clips for test probes 
Dispiay fiiter 
Main p.c.b. 

Display p.c.b. 

Letter transfers and spray lacquer 


CONSTRUCTOR'S NOTE 

The SN75182 differential amplifier (IC1) is not commonly 
available, but can be obtained from: Technomatic Ltd, 
54 Sandhurst Road, London, NW9 9LR. 

The Minitron 3015F/BM15 displays are also available 
from Technomatic, and Electrovalue Ltd. 

It is advisabie to use a metal case for the counter unit, 
but beyond this the choice is not critical. The prototype 
utilised the Doram box type 3 (code 509-901), with re¬ 
movable front and rear panels only. Another suitable box, 
perhaps more convenient for wiring, is the Maplin model 
121 with removable top, but a little less robust. Both 
cabinets are in the region of £5-00. 
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Fig. 6. Cutting details of front and rear panels. Hole sizes 
are correct only for the particular types of switches and 
sockets recommended in the components list. Both views 
are external to the box 

If larger switches are used, or a different box layout, care 
should be taken to ensure that the front panel mounted com¬ 
ponents are located clear of the box flanges against which the 
front panel rests. 


Fig. 7. Main p.c.b. and display p.c.b. (full size) 


The back-plate diagram of Fig. 6 shows a few ventilation 
holes, and these will be made more effective if a few more a: 
drilled through the base of the box. An easy method of 
marking out the holes for the regulator, which utilises the 
back-plate as a heat sink, is to lay a T03 mica washer in the 
correct position and mark through its holes. 

The transformer rating is common, and therefore the 
constructor may find his own source for this component. 
Differing physical dimensions will result, and so the best way 
to arrange the inside of the box, is to position the transformer 
and blank p.c.b. into suitable locations and mark the fixing 
points through the holes. 


8 8 

T^iin 

f*T* 


g| 1309-2 

1 ^ 



jji ..1 

"J* !iJ*4 


b! 

U 

.jimliii 

inJ LiiiitL 






26 


Practical Electronics September 1977 












































































Fig. 9. Front panel rear 
view giving wiring details 
for recommended front 
panel components. The 
leads are numbered for 
convenience 
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Fig. 8. Layouts for main and display p.c.b.s. Pin 3 of ICS, and other inactive inputs have been 
used as printed circuit routes, and have no electrical significance. The d.p. is used to 
orientate the Minitrons 
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The earth wire of the mains input lead should be con¬ 
nected directly to a solder tag beneath one of the transformer 
mounting nuts. If the transformer chosen has a screen, 
then this should also be wired to the solder tag. 

Two printed circuit boards are needed, see Fig. 7. The 
component layouts are shown in Fig. 8. 

The display p.c.b. contains the numerical indicators and 
decode/driver i.c.s, and is mounted on spacers against the 
front panel. The main p.c.b. contains the remainder of the 
electronics, and is housed in the base of the cabinet, also 
on spacers. 

Care must be taken when assembling the main p.c.b. to 
correctly orientate the i.c.s, as some are facing in opposite 
directions. 

A look at Fig. 9 will reveal that the interconnecting wire 
locations on the front panel are numbered to correspond 
with those on the p.c.b.s, and for neatness, ribbon cable has 
been used where possible. A three-conductor ribbon 
should be used to wire up switch S2 (wires 33, 34 and,35), 
whereby the centre core (wire 33) is earthed at the p.c.b. end 
only. Although unconnected at the front panel, this acts as a 
screen between the outer two conductors. The input and 
output sockets can be wired with twisted pair cables, irrespec¬ 
tive of the type of connector used. 

The front panel is labelled using dry letter transfers, which 
is then spray coated with transparent lacquer for protection. 
This is probably best done before the switches are mounted 
in position. 

CALIBRATION 

The only calibration required is the fine adjustment of the 
trimmer capacitor C5 in the crystal oscillator. This is most 
easily accomplished by using the Countor/Timer unit to 
measure a known frequency, whilst adjusting the trimmer to 
obtain the correct reading. 

Most frequency standards use a crystal as their timing 
source, and the use of these will therefore result in calibration 
no better than that of the crystal against which the instrument 
is being compared. 

By far the most superior method of calibrating the device 
is to use the 200kHz carrier frequency of BBC Radio 2, 
which has an accuracy of 1 in lO**. A simple radio receiver 


tuned to this station would provide a source, whereby the 
Counter/Timer unit would be operated in the frequency 
mode, set to the kHz range. The trimmer capacitor would 
then be set to give a display of all zeros. It should be noted 
that this range setting of the instrument is too low to read 
the full 200kHz. However, since you would not be setting 
up the basic frequency, but only trimming it, the remaining 
digits will serve the purpose. 


ACCURACY 

Once calibrated, the accuracy of the counter will depend 
on the stability of the crystal, which varies with temp)erature 
and age. The oscillator circuit varies with supply voltage 
also, because the inverters are operated in a linear mode. 
This supply variation is approximately lOp.p.m./volt. The 
crystal variation with temperature is approximately 1 p.p.m./°C, 
and hence the overall accuracy of the crystal oscillator over a 
0-5V supply variation, accompanying a 20 degree C tempera¬ 
ture change would be 25p.p.m., which is 25Hz. 

The crystal will further vary by up to 3p.p.m. in the first 
year of operation, due to ageing; and by an additional 
Ip.p.m. for each subsequent year. 

In any case, the counter will only be accurate to ± 1 unit 
of the least significant digit displayed. This is because the 
display counter i.c.s are edge triggered, and count the 
number of rising edges in a given period of time. Depending 
upon the incidental phase relationship between the timing 
standard and the input waveform, one edge may or may not 
be included. 


TESTING 

As the unit uses ttl almost exclusively, testing only, for 
logical 0 or 1 is necessary. The low state should be typically 
0-2V (0-4V max.), and the high state should be typically 
3-5V (2-4V min.). 

Initially, ensure that a supply of between 4-75V and 5.25V 
of correct polarity is available from the regulator, and applied 
to the system. The crude input to the fegulator i.c. should 
be in the region of 12-5 volts, but at the very least 7-5 volts 
if the regulator is to work correctly. 

To check that the oscillator and timebase counter is 
operating, pin 11 of each decade counter i.c. (IC15-IC20) 
should be monitored with an oscilloscope. This output of 
each i.c. should reveal an even mark-space ratio, finishing 
with IC20, where the period will be 1 second exactly, which 
may be detected with an ordinary multimeter. 

If the display counter is suspected of malfunction, it can be 
checked out by switching S2 to the count position, and 
applying 1 second pulses to the input at SKI. These pulses 
are of course available from pin 11 of IC20. The display 
should begin counting up in seconds, and if this is not so, 
then the bcd outputs of IC3 to IC7 (pins 11, 12, 13 and 14) 
should be examined in turn, using a meter. If these outputs 
are not active, then check that the IHz signal reaches the 
clock line to these i.c.s. Do not forget to adjust VRl during 
this test, and if the signal appears at pin 8 of ICI, but not the 
clock line of the display counter, then there is probably a 
wiring error. 

The control circuit can be tested by operating the instru¬ 
ment in the frequency mode, and monitoring the Q output 
(pin 8) of ICI4 with a ’scope, looking for 1ms or Is duration 
pulses occurring at 6 second intervals. Alternatively, 
monitoring the Q output (pin 12) of ICI3b with a meter 
should show a positive going pulse of Is duration occurring 
every 6 seconds, when S3 is set to the kHz frequency setting. 
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BEFORE YOU BUY AN AMPLIFIER MODULE—CHECK; 


DOES IT HAVE 


★ 30A power transistors ★ 2-year guarantee 

★ 3A drivers (100W unit) ★ Integral output capacitor 


Then compare with the Tamba range—excellent value—25, 50 and 100W R.M.S 


TAM1000 100W 4 ohms 65V £9 80 

TAM500 SOW 4 ohms 45V £7 • 50 

TAM250 25W 8 oh ms 4SV £5 - 75 

POWER SUPPLIES 

For 1 or 2 TAM250/500 £7 • 50 

For 1 or 2 TAM1000 £9 80 

(Carriage 50p on supplies) 


I Suits loads 4-16 ohms 
I 20-20,000 Hz ±1dB 
I Silicon circuitry throughout 
I Glass fibre P.C.B. 

I High sensitivity (lOOmV 10k) 



I Low distortion (0-1%) 

I Low profile (lin high 3i)in x Sin) 

I 75% efficient 

I Accepts most mixer/pre-amplifiers 
I Four simple connections 


ALL PURPOSE 
46 MIXER/PRE-AMP. 

(with 60mm slider volume) 

I Suitable for multiple input systems 
I High and low impedance inputs 
I High sensitivity 
I Built-in supply smoothing 
I 20-20,000 Hz ±1dB 
I -80dB noise levei 
I Accepts a wide variety of inputs 
I Wide range bass and trebie controls 

h 1 power 

Printed circuit board assembly with 
trebie and bass controls plus slider 
volume control £0.5Q 


You may order as follows: C.W.O. (crossed cheques, P.O.s, M.O.s etc)—C.O.D. (60p 
extra). We accept Access and Barclaycard—send or telephone your number—do not 
send your card. Add VAT at 8% to orders for 50 and 100W systems and at ^2i% for 25W 
systems. 


Hours, 9.30 a.m.-5 p.m. 
Monday — Saturday. 
Callers welcome. Tel. 
(01) 684 0098 


TAMBA ELECTRONICS 

Bensham Manor Road Passage, Bensham Manor Road, Thornton Heath, Surrey. 


Careers and 
Hobbies in 
Electronics. 

Enrol in the BNR 8( E School and you'll have an entertaining 
and fascinating hobby. Stick with it and the opportunities 
and the big money await you, if qualified, in every field of 
Electronics today. We offer the finest home study training 
for all subjects in radio, television, etc., especially for the 
CITY AND GUILDS EXAMS (Technicians’Certificates); the 
Grad. Brit. I.E.R. Exam; the RADIO AMATEUR'S LI¬ 
CENCE; P.M.G. Certificates; the R.T.E.B. Servicing Certi¬ 
ficates; etc. Also courses in Television; Transistors; Radar; 
Computers; Servo-mechanisms; Mathematics and Practical 
Transistor Radio course with equipment. We have OVER 20 
YEARS' experience in teaching radio subjects and an un¬ 
broken record of exam successes. We are the only privately 
run British home study College specialising in electronics sub¬ 
jects oniy. Fullest details will be gladly sent without any 
obligation. 



Become a 
Radio Amateur. 


Learn how to become a radio-amateur in 
contact with the whole world. We give 
skilled preparation for the G.P.O. licence. 


r 

I NAME _ 


Brochure without obli getion to: PE 

BRITISH NATIONAL RADIO & 
ELECTRONICS SCHOOL, 

P.O.BOX 156, JERSEY, CHANNEL ISLANDS. 
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Semiconductor 

FEATURING : 57109 TMS9940 SCL542IL 



1 . 


" ■■ ■ □□□ 

R.W. Coles 



CRUNCHER 

If you own a scientific calculator you 
will be quite used to carrying out sophis¬ 
ticated arithmetic in floating point or 
scientific notation, with functions like 
square roots and sines only a key press 
away. By comparison, a microprocessor 
chip is in the abacus ieague, usually 
boasting only binary or BCD addition and 
subtraction as direct operations, with 
even those restricted in precision to the 
MPU chip word length. 

The magic ingredient required to turn 
a microprocessor into a calculator is, 
of course, software. If you write iong 
enough programs you can generate any 
mathematical function and calculate to 
any desired precision with even the most 
humble MPU chip, but those programs 
will cost you dearly in time, and putting 
them together can be complicated. 

Of course, you may be able to get hold 
of software that someone else has written, 
but the chances are it won’t suit your 
system without being rewritten to some 
extent. Calculator chips are nothing more 
than MPU chips with the necessary 
software and interface hardware built 
in, so wouldn't it be nice if you could use 
a calculator chip as a peripheral chip 
in your MPU system to do all the tricky 
maths as and when required? 

Up to now, calculator chips have been 
very difficult to interface to micro- 
proces'sors because their inputs and 
outputs have been geared to keyboard 
switches and multiplexed displays re¬ 
spectively, but now National have done 
the obvious and modified a calculator 
chip to accept direct interface to an MPU. 
The new chip, coded 57109 but affection¬ 
ately referred to as the “Number Crunch¬ 
ing Unit" handles floating point and 
scientific notation, trigonometric and 
logarithmic functions, square roots, co¬ 
ordinate conversion, and memory opera¬ 
tions, and is commanded to carry out these 
operations by means of six-bit binary 
codes delivered from the microprocessor. 

The 57109 doesn't actually need a 
microprocessor to operate; it can work 
in isolation with only a few external 
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logic chips and ROM based program, 
but for my money the possibility of direct 
MPU interface is its star qualityl 

SHOWDOWN 

According to Texas Instruments, the 
demise of the eight-bit microprocessor 
is imminent. If that news comes as a bit 
of a shock, let me hasten to add that most 
other microprocessor manufacturers 
would vehemently deny it, and there 
does seem to be an element of line shooting 
in the announcement. 

True to the traditions of the lone-star 
state, Texas' boast that their big 9900 
microprocessor family is going to drive 
all the skinny eight-bit chips right out of 
town, western style. It's certainly true 
that they’ve got a formidable posse to¬ 
gether to do the job, take the TMS 9940 
for example . . . The 9940 is a complete 
16-blt NMOS microcomputer-on-a-chip, 
which includes 128 bytes of RAM, 2 kilo¬ 
bytes of ROM, 32 general purpose input 
output lines, 5MHz clock, hardware 
multiply and divide, and a timer/counterl 

If I was you, I would tell your pet micro 
to make sure its interrupt is well oiled, 
because these Texans will soon ride into 
town, tall in the socket, and the bytes 
are going to flow thick and fast. 

Don't worry too much though, if you 
feel that small is beautiful (like mel), the 


Texas mob are too big for many jobs, 
and that will make them uneconomic for 
the bulk of eight-bit applications. As far 
as I am concerned, the magnificent eight 
rides again I 

HANDY CHIP 

If you are going a bit boss-eyed peering 
at those funny square numbers on that 
"bang-up-to-the-minute'', "miracle of 
modern electronics”, digital clock, and 
even the novelty of accuracy to within a 
few seconds a month has stopped com¬ 
pensating for the inconvenience of 
wearing pebble-lens spectacles, what 
you need is a clock with hands. No, no, 
don't worry, you can still have the accuracy 
to which you are accustomed and tell 
your friends about the quartz crystal and 
50,000 transistors that make it "tick". 

Available from Ritro Electronics, is a 
neat CMOS chip in an 8 pin mini-DIP 
which contains an oscillator, a 23 stage 
binary divider and two push-pull output 
transistors to drive a stepper motor at 
0-5Hz. Coded SCL 5421L, the chip requires 
a 4-194304MHZ crystal and has facilities 
for time setting and a tone output for 
use with an alarm circuit. 

Operation is possible with supplies 
down to 1-15 volts, making it possible to 
put together a capable clock with easy- 
read hands running from a single dry celll 
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T he main tool of the serious experimenter and circuit 
designer, after the multimeter, is the wide-band oscillo¬ 
scope. In order to use this aid to gain insight into the 
behaviour of signals in electronic circuits, connection must 
be made to the circuit under investigation—and made in 
such a way that no alteration in performance results. This 
connection is normally made through a length of coaxial 
cable, the outer sheath being at earth potential to protect the 
inner conductor, which carries the signal, from the pickup of 
stray radiation—especially mains hum. 

THE CAPACITANCE PROBLEM 

The bandwidth of all amplifiers, except the tuned variety, 
is restricted at both high and low frequencies by the presence 
of capacitors, whether these are actual components or the 
phantom capacitances of transistor junctions. Low fre¬ 
quency performance is restricted by the series capacitors 
through which the signal must pass, and the high frequency 
performance by the shunt capacitors which tend to bypass 
the signal to ground. 

A reasonable length of coaxial cable might have a capaci¬ 
tance of lOOpF, to which must be added the normal input 
capacitance of the oscilloscope, typically 25pF across a 
resistance of 1 megohm. At audio frequencies this capaci¬ 
tance is unimportant, but at radio frequencies most of the 
signal would be lost in the cable. At 40MHz, 125pF has an 
impedance of only 32 ohms. It would not be practical to 
investigate the performance of a tuned circuit, because the 
resonant frequency would be altered by the extra capacitance 
added across it. If pulse circuits were the subject of enquiry, 
the user would have to remember that the pulse rise-time as 
displayed on the screen of the oscilloscope was lengthened 
by the time taken by the signal to charge and discharge the 
cable capacitance. 


PASSIVE PROBES 

One solution to the problem is the passive probe, which 
attenuates the signal by means of a series resistance with a 
small capacitor connected across it (Fig. 1). The probe acts 
as both a voltage and a capacitance divider—the input 
capacitance is reduced in the same ratio as the signal is 
attenuated. In this way, a divide-by-ten probe used with the 
cable and oscilloscope described above would reduce the 
125pF to 12-5pF. 

The passive probe reduces the amplitude of the signal, 
and in achieving a really low input capacitance the consequent 
attenuation could leave too small a signal to be observed. 

There is another difficulty with passive probes. All cables 
are transmission lines when high frequencies and fast pulses 
are being considered, and all transmission lines have a 
characteristic impedance. In the passive probe, each end of 
the transmission line is connected to what looks like an open 



Fig. 1. A simple passive high-impedance probe, pro¬ 
viding voltage and capacitance division 
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PRICES INCLUDE VAT. P & P FREE 
correct at 1 /7/77 
TO ORDER BY POST 


Accass/Barclaycsrd Ho 


SVA08 STEREO PRE AMP 


Fully l/< 


PS2BO for supplying 2 TP125s 
PS200 for supply to TL100 
PS60/60 for supplying 2 TL60s 
PS 125 ±45 volts for TP125 
PS 100 ±43 volts for TL100 
PS60 ±38 volts for TL60 
PS30 ±25 volts for TL30 
PSU 2 for supplying disco mixer 


£28.50 

£28.50 

£17.76 

£16.25 

£16.25 

£16.26 

£11.76 

£7.60 


4CHANNELSOUND 
TO LIGHT 

SEQUENCE CHASER 
- 4LSMI 


AMPLIFIER MODULES 



£18.75 
■ £20.75 


t-T—U-«-A— 


balance controls. Band width 15Hi - 25ltH* t t 


each pair of sliders. 


3 CHANNEL 
LIGHT MODULATOR 
SILMB 
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circuit to the signal. A fast pulse will reflect back and forth 
in such a line, producing a spurious ringing on the oscillo¬ 
scope trace. 

The ideal solution would be an active input device which 
could be applied directly to the signal point, presenting low 
capacitance and high resistance, and conveying the signal to 
the oscilloscope through a correctly terminated coaxial cable, 
without any loss of amplitude. 

ACTIVE PROBES 

Probes which contain a valve or field effect transistor 
' operating in the cathode- or source-follower mode provide 
less than unity gain, but are sometimes used because of the 
high input impedance of these devices. An input capaci¬ 
tance of about 6pF can be attained in this way—and the cable 
to the oscilloscope is properly terminated, avoiding reflec¬ 
tions. A slight loss of amplitude results, and this is usually 
made to equal exactly 50 per cent, for convenience in measure¬ 
ments. 

The active probe to be described was constructed for use 
with a 40MHz oscilloscope. The probe bandwidth extends 
to over 40MHz at the high frequency end, but gain rolls off 
below lOkHz. The reduction of low frequency gain is 
intentional; it would be possible to make a probe which 


When SI is in its forward position (X 10) the incoming 
signal is applied directly to gate 1 of TRl. The input imped- 
anceiis 100 kilohms (R3) in parallel with the input capaci¬ 
tance of the MOFSET, about 7pF in the prototype. On this 
range, the probe has significant gain up to 200MHz, making it 
an especially useful accessory for a digital frequency meter. 

With SI in the centre position (X 1) the signal passes 
through R1 and R2 in series (total resistance 900 kilohms) 
and so is attenuated by a factor of 10 before being applied to 
TRl. It would seem that a capacitor of about 0-7pF should 
be connected across R1/R2 to compensate for the 7pF across 
R3, but in fact the capacitance across the switch contacts is 
just about right. The effective input capacitance on this 
range is 3pF. 

When SI is in the rear position (-1-10), R4 is connected in 
parallel with R3, increasing the attenuation to 100 to 1. Here, 
compensation is needed, and a capacitor of about 68pF (C2) 
must be connected across R4. The input capacitance is, 
again, 3pF. 

DUAL GATE MOSFET 

The amplifying device TRl is a dual-gate mosfet, which is 
like two iGFETs cascode-connected in the same package. The 
device has two gates, the signal going to gate 1 and a direct 



worked down to, d.c., but low frequencies can be readily 
observed without the aid of the probe, and a probe which 
picked up mains hum would be irritating to use. 

It should be stressed that this is not an easy project to build. 
A certain amount of cut-and-try is needed to ensure linear 
operation, avoidance of spurious oscillations, and accurate 
gain setting. However, a well-equipped amateur (who 
already has a wide-band oscilloscope) should be able to 
manage it. The difficulty results from the very small capaci¬ 
tances which are being dealt with, which means that the 
proximity of components to each other and to surrounding 
metalwork makes a lot of difference to the performance. 

CIRCUIT DESCRIPTION 

The probe comprises a stepped attenuator feeding a three- 
stage amplifier with a gain of ten times. The probe input 
(see Fig. 2) is coupled via an isolating capacitor Cl to an 
input attenuator controlled by SI, a three-position slide 
switch. 


voltage of maybe four volts going to gate 2. Because of the 
cascode connection, there is good isolation between input 
and output. The stated transconductance is better than 
10,0(X)/rS, which means that a gain of 10 can be developed into 
1,000 ohms. The stated input capacitance of the device is 
6pF. 

The 1 kilohm load R6 cannot, of course, be shunted by 
much capacitance if there is to be high frequency gain, so the 
impedance is lowered to match the cable with two cascaded 
emitter followers, TR2 and TR3. The r.f. transistor types 
used have a collector/base capacitance of only about 3pF, 
which is satisfactory for this application. 

Dual emitter followers tend to be unstable near the cut-off 
frequency unless driven from a high impedance source; the 
prototype oscillated at 500MHz! This was cured by inserting 
a resistor, R7, in the base lead of the first emitter follower. 
Such pscillation cannot be seen on an oscilloscope unless a 
rectifying probe is used to find it. 
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The coaxial cable which carries the output signal from the 
probe to the oscilloscope must be terminated with the appro¬ 
priate value of resistor (RIO). With a little ingenuity this 
can generally be mounted inside the plug. 

The power supply for the probe is best drawn from the 
oscilloscope itself, using a one watt Zener diode Dx with a 
dropping resistor from a supply line of about 100 to 150 volts. 
The probe draws in the region of 25 milliamps, and the series 
resistor Rx should be chosen to allow a total current flow of 
35 milliamps. Optimise the voltage for gain (see under 
“Calibration”) before deciding what value of Zener to use. 

CONSTRUCTION 

The prototype probe was housed in a 105mm length of 
22mm (^in) diameter copper tube, see Fig. 3. A slot 19mm 
wide by 25mm long was cut at one end to accept SI. This is a 
three-hole, three-position slide switch, marketed by Q.A.S. 
(Quality Audio Supplies, Wollaton Road, Beeston, Notts) 
and on sale in many audio shops. The switch is secured 
to the tube by a self-tapping screw through its rear lug. 

The printed circuit board is secured by soldering it to the 
lugs of SI (all poles are connected in parallel), and must be 
central in the tube when assembled. The metal case of SI 
is connected to the p.c.b. earth rail by a short wire link, in 
order to ground the probe body. 

The 40673 is gate-protected by internal Zener diodes. It 
pays to take precautions whilst handling, however, even 
though the literature on this subject tends to be alarmist and 


COMPONEMTS... 


Resistors 
R1 220ka 
R2 680ka 
R3 lOOka 
R4 10ka 
390k a 


R6, R8 1ka(2off) 

R7 iooa 

R9 470a 

RIO 47a or 68a 

(to suit coaxial cable used) 


R1-R4 5%, remainder iW 5% carbon 


Variable Resistor 

VR1 220ka sub-min. horizontal preset 


Capacitors 

C1 330pF polystyrene 

C2 68pF polystyrene (see text) 

C3, C4, C7 lOnF disc ceramic (3 off) 
C5 1/tF 15V elect, or tant. 

C6 4-7/«F 25V elect, or tant. 


Semiconductors 
TR1 40673 

TR2, TR3 BF224 etc. (see text) (2 off) 


Miscellaneous 

SI 3-pole, 3-position slide switch (see 

text) 

PL1/SK1 Single-pole connector 

PL2 Coaxial connector to fit oscilloscope 

Y-input 

Printed circuit board. Materials for probe housing, 
etc. 


makes one wonder how much danger of destruction there 
really is. A length of metal rod along the front of the bench, 
connected to ground and upon which one can rest one’s fore¬ 
arms will surely be enough. Wrap a thin strand of wire 
round the pins of the device until it is soldered into place, 
if you are the belt and braces type. 

Type BF224 transistors were used for TR2 and TR3, but 
many others would do. These are plastics types—if ones 
with metal cans which are at collector potential are used, 
make sure that these cannot touch the probe body. A low 
collector/base capacitance is essential for TR2; the require¬ 
ments for TR3 are less critical. In any instrument intended 
for measurement of r.f. voltages, it is important to use com¬ 
ponents having the • minimum self-inductance. For this 
reason, it is best to use ordinary carbon resistors throughout 
the probe. 

The input prod in the prototype was fashioned from a 
6BA bolt with half the head removed. This was soldered 
to the front of the printed circuit board. A piece cut from a 
felt marker was used as a front capping, and this was secured 
by a 6BA nut and a plastics washer, plus a self-tapping screw 
through the front mounting lug of the switch. A miniature 
crocodile clip with a 6BA nut soldered into the shaft can be 
screwed onto the prod for a hands-off connection, or other 
probes made (Fig. 3). 

The signal output from the probe, as already mentioned, is 
carried via a coaxial cable. The cable outer also provides the 
power supply negative return. Ordinary 75 ohm TV coaxial 
is suitable, but take care to choose as flexible a cable as 
possible. The positive supply connection is made via a 
single-core flex terminated in a single-pole plug. A matching 
socket must be fitted to the oscilloscope and connected to the 
power supply circuitry described earlier. 

Where the wires exit at the rear of the probe body, some 
kind of closure is required. A wine cork, drilled to take the 
leads, was used in the prototype. 

A short earth connection with a crocodile clip is necessary 
to ground the body of the probe to the circuit under test. 
Something substantial, such as braid stripped from a piece of 
coaxial cable, should be used, and the lead kept as short as 
conveniently possible. 


CALIBRATION 

Measurements of radio frequency voltages at high frequen¬ 
cies will always tend to be a little vague, unless you are blessed 
with lots of patience and some very expensive and sophisti¬ 
cated equipment. This probe is not meant to be a precise 
measuring device, so do not set an impossible standard of 
accuracy when calibrating it. Errors of less than IdB will 
constitute an excellent standard—and IdB is about 12 per cent. 
The probe must be assembled completely whenever a test is 
being made. 

Before attempting to calibrate the attenuator, the gain in the 
direct (X 10) position must be checked and adjusted for 
optimum. There are two ways of adjusting gain: changing 
the supply voltage or changing the voltage on gate 2 of the 
MOSFET. If the probe is powered from an adjustable bench 
power supply, varying the voltage by small amounts from a 
starting point of about 15 volts, at the same time adjusting 
VRl for maximum gain, you may well find that a gain of ten 
can be exceeded. If so, R6 can be reduced to 820 ohms, thus 
improving the bandwidth. Do not use a supply voltage 
hi^er than that required to achieve a tenfold gain. 

When it is remembered that one centimetre of twin cable 
has more than IpF of capacitance, it will be seen that it is 
hard to be specific about exact component values in the 
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attenuator. A source of square waves with fast rise times 
is necessary for setting up the attenuators. All the attenuator 
components are mounted on the copper side of the printed 
circuit board, using minimum length leads. 

The object of calibration is to get a clean, square leading 
edge to the displayed test waveform, with minimum overshoot 
or ringing on the top. With SI in the X 1 position, it may be 
necessary to add a very small capacitor, in the form of a short 
twisted pair of insulated wires, across R1/R2. This can then 
be trimmed in value by snipping bits off or repositioning. 
On the -I- 10 range, some slight change in the value of C2 may 
be required to produce the best wave-shape. 

A simple square wave generator for this purpose may be 
built using a 7400 quad nand gate. A frequency of lOOkHz 
would be appropriate. The rise time will be about 9 nano¬ 
seconds; if your oscilloscope has wider bandwidth, use a 
Schottky version which will produce a rise time of some 
3 nanoseconds. 


FAULT FINDING 

Some possible probe faults and suggested cures are as 
follows: 

1. Complete failure 

Check voltages—TRl should be drawing about 10 milli- 
amps, which means that there should be 10 volts across R6. 
Check that this can be varied by VRl. There is a large 
tolerance on this figure as these devices vary considerably. 

2. Flattening of sine waves 

Check that there is a reasonable voltage across R9—not 
less than about 4 volts as a minimum. You might be using 
the probe on the wrong range of the oscilloscope—signals 
at the output of more than one volt peak to peak may be 
distorted. 

When observing non-symmetrical waveforms, do not 
forget that the probe is inverting the signal. 

3. Square wave response lumpy 

If this happens even in the direct (X 10) position, supply 
decoupling is probably at fault—you have a resonant circuit 
somewhere. Capacitors C6 and Cl should take care of this, 
if not, try a choke in the supply lead, or even a 10 ohm carbon 
resistor. 


4. High frequency oscillation 

If there is inexplicable displacement of the oscilloscope 
trace or misty effects around pulse waveforms, suspect 
oscillation first. Use a germanium detector or hot-carrier 
diode probe to check the output with the input shorted, and 
then with it open. There should not be more than a few 
millivolts of noise on the output. 

The cure is to increase the value of R7, or if this is ineffec¬ 
tive use different transistors for TR2 and TR3. 

MEASURING SMALL CAPACITANCES 

In the unity gain position, the probe has an input capaci¬ 
tance of about 3pF. It may be used to measure small capaci¬ 
tors, for example the capacitance of an f.e.t. gate or transistor 
junction, and provide information which is hard to obtain 
in any other way. 

Connect a square wave generator of about 200 millivolts 
peak to peak output with a frequency of about 200kHz, 
through the capacitor to be measured to the probe. The 
resulting square wave displayed on the oscilloscope is related 
in amplitude to the value of the capacitor. Make a stair- 
chart using small capacitors of known value, and then use 
the chart to measure unknown capacitors. Measurements 
of less than 1 pF are quite possible. 

Silicon junctions will not be forward biased and will 
therefore look like capacitors, but it must be remembered 
that all silicon junctions behave like varactor diodes and 
change their capacitance with applied voltage. Reverse bias 
may be applied through a large resistor to simulate this effect. 
In practice, an f.e.t. gate looks like 5pF, a general purpose 
transistor collector/base junction like lOpF, and a high-speed 
diode maybe 2pF. 

USING THE PROBE 

Remember that the probe is somewhat delicate and would 
be destroyed by a large r.f. voltage. In the direct connected 
(X 10) position, a jolt of d.c. will suffice. The manufacturer’s 
literature on the 40673 states that the protective diodes 
become effective at plus and minus 10 volts. It also states 
that the diodes will constrain a transient pulse from a source 
capable of delivering several hundred milliamperes, but this 
refers to a one microsecond pulse. The input circuit has a 
time constant of 40 microseconds—it would appear that 
some caution is needed. ★ 
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A SELECTION FROM OUR P0SIBA6 


Readers requiring a reply to any letter must include a stamped 
addressed envelope. We regret that we cannot answer any 
technical queries on the telephone. 


Breadboard 

Sir—A simple and cheap way of con¬ 
structing breadboard is to solder d.i.l. i.c. 
sockets to Veroboard, such that the i.c. 
fits not into one socket, but into one row 
of holes in each, situatinjg it between the 
sockets. This means that if the Veroboard 
is cut in the right manner, each pin on the 
i.c. is accessible through the other row 
of holes. By placing a number of pairs of 
sockets on the stripboard, a breadboard of 
any size can be built, whereby the signifi¬ 
cant cost is that of the sockets. 

Figure 1 shows the arrangement of a 
pair of sockets with the appropriate track 
cuttings. Here the supply rails run each 
side of the i.c. holders, and are wire linked 
to the sockets. Illustrated in Fig. 2 is an 
end view of the arrangement. Multiple 
connections may be made through the use 
of Soldercon pins, as shown in Fig. 3a. A 
more flexible means of linking the supply 
rails to the sockets is to use Soldercon pins 
mounted directly on the Veroboard (Fig. 


3b). If 16 pin sockets are used, and a 14 pin 
i.c. is to be wired, the supply can be 
jumpered to the correct pin directly, also 
using Soldercon pins. 

3V. R. Hinds, 
Hammersmith. 


A Word ot Waraing 

Sir—Firstly may I say that I welcome 
an article like the “Earth Leakage Circuit 
Breaker” which bridges that narrow line 
between the power and light current 
engineers. 

I am, however, concerned about the 
implications of current transformer ex¬ 
perimentation which are hinted at in your 
article. 

If experiments are carried out using 
the turns ratios as indicated in Mr. 
Smith’s design (i.e. 300:1), there is a 
danger that a very high voltage can be 
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Fig. 3b 


induced in the winding which now acts 
as the secondary of the transformer 
(75kV on 250V mains). Such voltages are 
obviously far above the insulation ratings 
of a normal output transformer and are in 
addition quite lethal if supplied from the 
mains 

I would, therefore, consider it essential 
that you issue a word of warning to would 
be experimenters or constructors with 
reference to the extremely high voltages 
available when experimenting with trans¬ 
formers in the current transformer mode. 

Further to these comments 1 would 
refer to Fig. 4 of the article where various 
forms of resistive earth leakage faults are 
illustrated. I would like to see an assess¬ 
ment of the situation should a direct line to 
earth fault occur, in which case as far as I 
can interpret the situation, the voltage 
ratings of both the transformer and the 
input circuitry would be vastly exceeded 
during the time required for the breaker or 
fuse to clear the fault current. This would 
seem likely to cause severe damage to the 
input circuitry and I wonder if under such 
circumstances could a now ineffective 
breaker be re-closed? If this is so a suitable 
warning should be published. 

Whilst the above comments may appear 
to be finicky, it has been my experience as 
an electrical engineer that a person will 
throw complete trust upon an item of 
equipment having a title which indicates 
that it can provide an added safety factor 
without question or consideration of the 
duties for which it is rated or has already 
been called upon to perform. 

Since with this equipment and other 
equipment of a similar nature the safety 
and protection of the life of the user who 
may not have any electronic or electrical 
knowledge is being considered, it is 
essential that such articles receive the very 
closest of test and scrutiny prior to their 
publication and that any shortcomings or 
risks to the constructor or user are clearly 
indicated. 

P. Bevington, 
Birmingham. 

In reply to Mr. Bevlngton's letter, I 
agree that high voltages are produced by 
current transformers with open circuit 
secondaries. 

This was not mentioned in the article 
although the reason for the diodes on the 
"damp" circuit input of the amplifier was 
mentioned. 

Since the core will saturate, the output 
at low frequencies will be small but it will 
of course work as a pulse transformer 
and give outputs comparable to the 
spark in a car ignition system. 

The low efficiency of the windings 
means that fast high voltage transients 
will be produced, but will be caught by 
the diodes to protect the amplifier. 

A warning should be given to avoid 
direct contact, should a direct line to 
earth fault happen. 

The latter part of the letter reinforces 
the last paragraph of the article, in that 
leakage units should be an extra to full 
formal safety protection.—KAS 
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T his month the entry section of the logic is to be described, 
together with the random number generator, the com¬ 
parator and the master clock. Modifications for the “4 from 
10 colour” facility are indicated where relevant. 

THE ENTRY LOGIC 

The colours forming a player’s deduction are entered into 
the machine using double pole, changeover, push switches, 
but any common mechanical switch will generate contact 
noise that will persist until such time as the contacts settle 
down after operation. Instead of the output being the desired 
clean, well defined pulse, it will therefore initially comprise 
a sequence of noise impulses, called “bounce”, which must 
be removed. 

A set-reset latch is used to perform this function'and a 
single TTL package is used for all six latches required for the 
colour push switches. This is the SN74118N, featuring six 
individual set inputs and a reset line common to all six 
latches. If any set (“L”) input is taken low the respective “Q” 
output goes high and if the reset input is taken low all “Q” 
outputs are made low. 

The circuit in Fig. 2.1 shows no button pressed, and the 
reset line, connected to pin 9, is held at logical zero through 
the push-to-break contacts of all six switches. All “Q” outputs 
are therefore in the zero state. 

As soon as any button is pressed, the reset connection 
to earth is broken and a logical one appears on pin 9. This is 
followed by the application of a logical zero to one of the 
set inputs via the push-to-make contacts of the switch pressed, 
which in turn sets the “Q” output high. 

ENCODING 

Each of the six colours is represented by a three bit binary 
code, the codes chosen here are those representing the 
complements of the binary numbers 000, 001, 010, 011, 100 
and 101 (0-5). The code for button SI is therefore the com¬ 
plement of 000, namely 111, and so on. 

The encoding is performed by the nor gates IC12a, IC12b 
and IClla of Fig. 2.1. As an example, if S4 is pressed pin 5 
of ICIO goes high—sending encoder outputs S and T low 
to form the code 100. 


COMPONENTS... 


Integrated Circuits 

IC1 SN7420N IC11 SN7402N 

IC2 SN7413N IC12 SN7427N 

IC3-6 SN7490N (4 off) 1C13 SN7486N 

IC7-9 SN7454 (3 ofF) IC14 SN7404N 

IC10 SN74118N IC15 SN7420N 

Resistors 

R1-R8, R10 1klJ(9off) R9 3300 

Capacitors 

C1-C5 O'VF 10V ceramic 

C6 100/<F 10V elect 

Switches 

S1-S6 D.P.C.O. push button switch (6 off) 

57 D.P.C.O. push button switch 

58 Min. push-to-break push button switch 

Miscellaneous 

0-1 in coppered Veroboard, size 95-25 x 431-Omm 
12 Veropins. Multi-coloured single core wire. 
Sockets for Veropins (see text) 

Additions for “4 from 10” game 
Integrated Circuits 
IC50 SN7407N 

IC51 SN7400N IC52 SN7454N 
Resistors 

R27-R30 1kO(4off) 

Switches 

S9-S12 D.P.C.O. push button (4 off) 

S13 4 pole latching push button (RS) 


^MASTERMIND 

We apologise to Invicta Plastics Ltd., of Oadby, Leicester for 
our unauthorised use of their Registered Trade Mark 
MASTERMIND in last month's edition of Practical Elec¬ 
tronics. It was not our intention to infringe their rights and 
we acknowledge their exclusive rights in the Mark. We are 
grateful to Invicta for allowing us to continue using their 
Trade Mark MASTERMIND for the remainder of the series. 
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The use of 000 (and its complement) as one of the codes 
requires special mention, since, as may be seen, the complement 
of this appears on lines R, S and T even with no button 
pressed! However, the advantages of using this particular 
code outweigh this disadvantage, which as we shall shortly 
see, is easily overcome. 

THE INTERRUPT 

Whenever a colour is entered, a signal called the “Z” 
signal (the interrupt) informs the machine that it may com¬ 
mence processing the entered colour. This important signal 
is generated by ICl (Fig. 2.1), which functions as follows. 
When no button is pressed t he l ines R, S and T from the 
encoder are all high, but as soon as an entry is made on one 
of switches S2 to S6 a low will appear on at least one of lines 
R, S or T, sending pin 6 of ICl a low and thereby setting L6 
of ICIO. The output of this, pin 14, is the “Z” signal. 

The output of switch SI is taken to pin 9 of IClb, so that 
whenever this is pressed the “Z” signal also appears, in¬ 
structing the machine to read the 111 inherently available on 
lines R, S or T. This overcomes the disadvantage mentioned 
earlier. 

It is worthwhile to note here that the “Z” signal is high 
only so long as one of the colour buttons is depressed. 
The additional circuitry for the “4 from 10 colour” game is 
shown in Fig. 2.2. 


RANDOM NUMBER GENERATOR 

A chain of four modulo six counters is used for this 
generator and the random properties are arranged as follows. 
The depression of the “Call” button (S7 in Fig. 2.3) connects 
a 22kHz clock (IC2a) combined with noise from the switch 
contacts to the counter input. This noise and the variability 
of switch depression time ensure that the generated codes 
are random. 

The counters used are SN7490 decade types. The required 
count length of six is arranged by using the occurrence of the 
state 0110 (binary 6) to reset the counter to state 0000. 
The resulting count sequence is therefore 000, 001, 010, 011, 
100 and 101 corresponding to the codes (in uncomplemented 
Torm) for the six colours.- 

The reset functions are conveniently implemented by 
connecting the appropriate counter outputs to the two 
“reset to zero” inputs of each 7490 package. The reset is 
activated when both of these inputs are taken to logical 
one (pins 2 and 3 of 1C3-IC6), so that the outputs cor¬ 
responding to the two ones in 110 are connected to these 
inputs. 

The “4 from 10 colour” version requires that the count 
length of each counter be changed from 6 to 10. This is 
arranged, as shown in Fig. 2.4(a), by using a four pole change¬ 
over switch to disable one of the “reset to zero” inputs to 
each counter when in the “4 from 10” mode. 



Fig. 2.1 Entry logic for the basic “4 from 6” game. Components within the shaded box are mounted on the switch panel 
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Fig. 2.2. Additional entry logic required for the “4 from 10” game. Switch panel mounted components are within the 
shaded box 
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An essential factor always to be considered with binary 
counters concerns their behaviour in invalid states (states 
other than those intended). If one of our counters were for 
some reason to enter one of these states the machine would 
be “cheating” the player, since it would, in the “4 from 6 
colour” mode have a repertoire of more than six colours—a 
most undesirable state of affairs! However, here the invalid 
states are 110 and 111 and the reset function just described 
will never allow the counter to remain in one of these states 
and the count sequence will always be valid. 

CODE SELECTION 

Whenever the player enters a colour, the code produced on 
data lines R, S and T must undergo a process of comparison 
with eaclv of the randomly generated codes stored in the 
generator. If, for convenience, the latter are called the 
“X codes”, then the entered code on the data lines is compared 
with all four of these in turn, XI, X2, X3 and X4. A data 
selector is therefore used to. select the required X code for 
comparison with the entry. This is formed by IC7, 8 and 9, 
which are type SN7454N and-or-invert packages. 

Four timing signals, C,-C4 (to be described next month), 
select the appropriate X code, so that, as an example, when 
C2=l, X2 will appear complemented on data lines ABC. 
Note that this complementation now means that the randomly 
generated codes are of the same form as those on lines RST 
from the encoder. 

THE COMPARATOR 

- The code on lines ABC is compared with the entry on 
RST by a logical comparator, comprising IC13, l^and 15, 
which produces two outputs, E and its inverse E, called 
the equality signals. E=1 indicates that the two codes are 
identical. 

1C13 is a type SN7486N quad two input exclusive—or 
package. These gates are each such that if the two inputs 
are different the output is high and is low if the two inputs 
are the same. An exclusive-or gate followed by inversion 
therefore acts as a two bit comparator. The six bit comparator 
here is formed from three such two bit sections with the 
outputs combined with an and gate, IC15. 

Changes to the data selector and the comparator necessary 
for the “4 from 10 colour” game are shown in Fig. 2.4(b). 




Fig. 2.4(a). A four pole latching changeover push switch 
wired as shown provides the options for either game (b) 
the changes necessary to the data selector and comparator 
for the “4 from 10" game 


RESET LINE 

In addition to “asking” for the generation of the random 
codes, the depression of the “Call” button, S7, is arranged 
to clear all the logic of any records of a previous game, or 
of “rubbish” when the machine is first switched on. This 
clear line, called RSG (reset game) is also activated by S8, 
the “cancel” button. The reset is affected by the appearance 
of a logical one on this line. 



CONSTRUCTION 

The wiring diagram of the switch panel is shown in Fig. 2.5 
and it should be noted that the chassis is connected to the 
5V rail and so must never come into contact with the OV 
line. Approximately 20cm of excess Wire is allowed for con¬ 
nection to the main logic board. Note that 12 switches are 
required if you are incorporating the “4 from 10 colour” game. 

The colour buttons are painted so as to match the colours 
of the coloured pegs, which are red, green, black, yellow, blue 
and white in the standard, commercially available game. 

When wiring up it is a good idea to adopt a wiring colour 
scheme, for example use a red wire for connections to the 
red entry button, and so on. Maintain a consistent scheme 
throughout the entire project, as this will considerably ease 
the tracing of wires in the future. 

The logical circuits are divided between two boards, 
organised as follows: 

(a) Board 1—comprising the circuit blocks (except the 
displays) of Fig. 1.2. 

(b) Board 2—comprising the display circuits. 

Since'it would be impossible to attempt the complete 
description of board one in this issue a policy of construction 
has been arranged. 
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Fig. 2.5. Switch panel wiring for the “4 from 6” game. The V references are Veropins on the main board shown in Fig. 2.6 


Each month a diagram illustrating the positions of the 
relevant i.c.s on the board is to be presented. These will not 
show the point to point wiring as this is too complex, and 
must therefore be completed with the aid of the appropriate 
circuit diagrams. It may be mentioned that each month’s 
construction occupies a reasonably self-contained section 
of the board. 

Fig. 2.6 shows the positions of the i.c.s described in this 
article and their associated decoupling components. Note 
carefully the situation of the power rails. Package density 
on this board is high so do not be tempted to alter their 
positions, otherwise remaining circuits might not fit on. 

In the prototype i.c. sockets were used with the most 
expensive i.c.s, safeguarding the manufacturers guarantees. 
Where sockets are not used the most sensible procedure is to 
firstly position the particular i.c. on the board without 


soldering it in, complete all connections to it and finally 
solder in those of its pins to which connections have been 
made. Making power supply connections is always a good 
starting point. Number each i.c. as soon as connections 
to it are completed. 

UNCONNECTED LEADS 

There are signal connections at the end of this month’s 
construction that cannot be completed until subsequent 
sections of the logic have been described. It is advisable not 
to solder in the known end of such leads as this will leave a 
rather confusing array of loose ends—enough to unsettle 
the neatest of constructors! The labelling of these connections 
on all circuit diagrams will allow them to be connected 
unambiguously when they are required. 



Fig. 2.6. Prototype component layout for one third of the main board (Section ‘A’ on photograph). Since point to point 
wiring here is too dense for illustration it is left to constructors to work from the appropriate circuit diagrams 
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VERO PINS 

Connections to and from the boards are made via Veropins, 
with Fig. 2.6 showing the location of those pins for connections 
to the switch panel. The wires from this panel are not soldered 
to these pins yet, as this would make it almost completely 
impossible to wire up the main board. Instead these con¬ 
nections are made using “flying sockets” which sleeve over 
the pins and allow easy removal after testing. (If such sockets 
prove difficult to obtain, Soldercon i.c. sockets may be 
used instead). When the project is finally completed these 
sockets can be soldered to the pins to give a permanent and 
reliable connection. 

The three extra i.c.s for the “4 from 10 colour” game can 
be included as follows. IC50 and 51 can be mounted on a 
small additional Veroboard located beneath the switch panel, 
whilst IC52 can be positioned on board 1 between IC17 and 7. 
The changeover switch may be mounted on the peg-board 
above board 1. 


TESTING 

There are two basic ways of checking sequential logic 
circuits, namely dynamic and static testing. In the former 
the test procedure is accomplished at the full operating 
speed of the system, requiring the use of relatively high 
speed test equipment. In the latter the testing is performed 
on a slow, step by step basis, so that each operation may be 
verified using a simple logic probe or the low voltage (approxi¬ 
mately 5V) scale of a multimeter. This unit may be tested 
using the last approach. 

When partially completed digital systems are checked, 
an important point tp bear in mind is that unconnected ttl 
inputs behave as if a logical one is applied to them, and will 
often need to be grounded before a test may be made. A 
test schedule follows: 

(a) Temporarily connect the switch panel, as described, 
and check that all six latches of ICIO are in the zero 
state. Press each of the entry buttons in turn and verify 
that the corresponding “Q” output goes high for as long 
as the button is held down, and that the correct com¬ 
plemented code appears on lines RST. When no button 
or SI is pressed these lines should read 111. The “Z” 
signal, ICIO pin 14, should appear whenever any button 
is pressed, irrespective of which one. 

(b) Check that the operation of the “Call” button will 
summon an unpredictable sequence of four codes in 
the random generator. The codes 111 and 110 should 
never occur. 

(c) The data selector may be checked by connecting to 
ground all but one of the enable, or strobe lines (C1-C4). 
The complemented code from the location of the counter 
corresponding with the ungrounded strobe tine should 
then appear on lines ABC. For example, if Cj, C™ and 
C3 are all connected to OV, the complemented code X4 
from 1C6 will be on ABC. 

(d) The action of the comparator can be tested by 
selecting one of the X codes, as described in (c) and then 
depressing the button corresponding to the colour code 
within the selected location, for example if X4 is selected 
and is found to contain the code 001, the depression of 
S2 will send E high and E low. If any other button is 
pressed E will remain low. Note that the button must 
be kept depressed throughout the duration of the test. 

NEXT MONTH: Scoring logic and control circuits. 



DIGHAl MUmilHER 


An excellent project! Construction is made easy using the 
Siliconix LD130 i.c., when you build this battery powered 
multimeter. 

All ranges are selected on an elegant rank of push-buttons 
to give, IV to 1000V, and 1mA to 1A, with both measuring 
modes capable of a.c. or d.c. Resistance between IkO and 
lOMn can also be measured. 

Set to read voltage, the input impedance islOMQ. Readout 
is given on a three-digit (0-3 inch) I.e.d. display with over¬ 
range indication 


GUtHR 

SUSTAIN 

UNIT 



To the guitar cognoscenti sustain is simply the artificial 
extension of a note. However, how this is electronically 
achieved can be the difference in pounds and performance. 
Some lower-priced, less elegant designs, can sound harsh 
and make chord sustain impossible so that you are limited 
to one or two notes. In contrast, we offer you the sophisti¬ 
cation of non-distorting v.c.a. sustain which allows full 
chords at a price you can afford 


Plus 
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Therefore, changing the resistance by a factor of 2 does not 
change the current through the meter by the same factor, 
thus the familiar non-linearity is produced, with the high 
resistance end of the scale becoming progressively more 
cramped. 

The solution to this problem is to maintain a constant 
current through Rx and to measure the voltage across it. The 
circuit of Fig. 2 shows an operational amplifier in the inverting 
mode. The —ve input is the virtual ground point, and current 
Vln 

through Rin is simply —. Due to op. amp. action, this same 

value of current must now flow through Rf, Vout rising to 
some value to achieve this. If Rf is half the value of Rin, 
Vout will be half Vm. Thus the op. amp. acts as a constant 
current generator, feeding this constant through Rf. If Rin and 
Vln are fixed, and Rf is made the resistance under test, Vout 
will be directly proportional to Rf. 


LINEAR OHIWMETER 


A LINEAR ohmmeter is an essential piece of equipment for 
accurate resistance measurement as there is none of the 
cramping found in the usual log. scaling of the meter. The 
circuit to be described will measure from OQ to lOMD in 
seven ranges. It is straightforward and fairly inexpensive to 
build, and would suit a newcomer to the hobby, whilst 
providing him with a very useful piece of test gear. With this 
fact in mind, a method is described of setting up the ohm- 
meter which requires no other test gear. 

It is also useful for the experienced constructor, to com¬ 
plement the main multimeter, being easier to read and more 
accurate, and allowing the multimeter to be used just for 
current and voltage measurements. When one wishes to make 
a quick resistance check on a component it can be very 
frustrating if the only multimeter available is connected into 
a circuit under test. 

PRINCIPLE OF OPERATION 

The conventional multimeter circuit, good though it is in 
many respects, suffers from non-linearity of the scale on the 
resistances ranges. This is because of the nature of the circuit 
used (Fig. 1). Current through the meter is given by: 


R. HARRIS 



Fig. 1. Conventional ohmmeter circuit 


_V_ 

Rx -f Rv -I- Rm (meter resistance) 

Giving the expression some values, for a 100/<A meter move¬ 
ment and a 3V battery, Rv -t- Rm must be 


lOOM 

If we now make Rx 20k £i, the meter will read 


3V 

30kn + 20ka 


60 M 


If we now double the resistance, the meter reads 


3V 

30kn + 40kn 


= 42-8M 
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Fig. 3. Circuit of linear ohmmeter 


COMPOHENTS... 

THE CIRCUIT 

The reference voltage is produced by R1 and D1 across 
VRl and R2 (see Fig. 3). The slider of VRl feeds the 
non inverting input of ICl, a 741 operating as a unity gain 
follower. This has an input resistance of several megohms 
and so does not load the reference voltage components. 
VRl is adjusted to give an output of 5V from ICl. Five volts 
was chosen as a working voltage so that some deterioration of 
battery voltage could be tolerated before the instrument 
became inaccurate. 

The 5V from ICl is passed into IC2, the constant current 
generator, via the input resistor selected by SI a, and in the case 
of the five upper ranges the output of IC2 is 5V for the 
maximum value of Rx in that particular range. The two 
lower ranges share the Ikfi resistor of the third range, the 
reason being to prevent drawing too much current from ICl. 
This means that the maximum output of IC2 on the lOfJ 
range is 50mV, and on the lOOfl range, 500mV. The output 
of IC2 is passed into IC3, the function of which is to multiply 
the output voltage of IC2 by a factor of 100, 10 or 1, depending 
on the range selected. 

ZEROING 

IC3 also has an offset potentiometer connected in usual 
741 fashion, to zero the meter. Zeroing should be carried 
out with SI set to 10 because the gain of IC3 is then at its 
greatest and any offset is more noticeable. 

The output of' IC3 is passed to a 1mA meter via R12 and 
VR3 which are the meter multiplier resistors. VR3 is set to 
make the meter read full scale with 5 volts across it. D2 is 
included so that during over-range conditions when the out¬ 
put of IC3 could rise to nearly the -f-ve supply voltage, the 
meter movement is not unduly overloaded. 

In the “on” position of S2 the meter and multiplier resistors 
are connected between 1C3 output and OV and the batteries 
are connected to the circuit. In the “off” position power is 
removed and the meter movement shorted to prevent too 
much mechanical movement of the coil assembly. 

In the test battery position the meter is connected across the 
batteries with R14 acting as a multiplier to give approximately 
f.s.d. with 18 volts applied, and R13 simulating the load of 
the circuit. 


close tolerance 
(see text) 


close tolerance 
(see text) 


Resistors 

R1 1-5kfi5%iW 
R2 39kn 5% iW 
R3 1kn '' 

R4 10kfl 
R5 lOOkQ 
R6 1Mn 
R7 10Mn 
R8 2k n 
R9 200kn 
R10 20kn 
R11 2kfi 
R12 4-3k£J5%i-W 
R13 1kn5%iW 
R14 18kn5%iW 


Potentiometers 

VR1 22kn miniature skeleton preset 
VR2 tOkft linear 

VR3 1kn miniature skeieton preset 

Switches 

51 Miniature "Makaswitch" kit comprising; 1 
shafting assembly: 2-12 way single pole wafers 
(end stop setto give seven ways) (RS Comps) 

52 1-4 pole, 3 way rotary switch 

Semiconductors 
IC1-iC3 741 (3 off) 

D1 BZY88 6-8V 
D2 BZY88 5-6V 

Miscellaneous 

Die-cast box with card siots 121 x 95 x 57mm 
(4}in X 3Jin x 2iin) 

2 off 4mm sockets (one red, one black) (SKI, SK2) 
2 off 4mm plugs ,, „ „ „ 

2 off croc, clips or ciip-on probes 

1 off flush mounting spindie iock 

2 off PP3 batteries and connectors 
Veroboard 0-1 in pitch 
Veropins if required 

2 knobs 

Ml 1mA meter 
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Fig. 4. Board layout and wiring details for 



CONSTRUCTION 

The instrument was built into a die cast box 121 x 95 x 
57mm (4i x x 2iin) but constructors may well have their 
own ideas about this. 

The circuit itself is built onto a piece of Veroboard 86 x 
38mm (3 4 x l-5in) with a 01 in hole spacing, and fits into 
the slots provided in the die cast box. Details are shown in 
the diagram (Fig. 4). 

It is important to remember that in a measuring instru¬ 
ment such as this, final accuracy will only be as good as the 
components used, and therefore close tolerance resistors are 
necessary in the measuring section of the circuit. Two per 
cent resistors were used in the prototype (1 per cent or better 
could be used if desired, although it will probably be 
difficult to obtain a lOMD resistor for R7 closer than 5 
per cent). 


The prototype linear ohmmeter showing the range switch 
wiring 



The circuit lends itself to modification, almost any op. amp. 
could be used, 741s are not imperative although the circuit 
board details will not necessarily be correct for another 
type. Because the meter is fed from an active source it too 
can be almost any sensitivity provided suitable multiplier 
resistors are used. 1mA was chosen as a compromise between 
the fragility of a 50 or lOO/tA movement, and the higher 
current required for a 5 or 10mA movement. 

The front panel of the box was given a brushed finish by 
clamping it horizontally by the flanges in a vice, and brush¬ 
ing it in one direction with medium grade emery paper 
wrapped round a wooden block. The lettering was applied 
with a stencil and pen, although “Letraset” or similar 
could be used. Finally it was protected with two or three 
coats of clear lacquer. 

SETTING UP 

With a voltmeter across the output of ICl, adjust VRl till 
the voltmeter reads 5V. Connect the voltmeter across the 
output of 1C3, and with the lOD range selected, short the 
input sockets together. Adjust VR2 till the meter reads 0. 
With the voltmeter still across IC3 output, switch to the 
IkD range and place a IkD close tolerance resistor across 
the input terminals. Check that the voltmeter reads 5V and 
adjust VR3 to make the instrument meter read full scale. 

If the constructor has no test gear available, the following 
method may be used to set up the ohmmeter. Obtain a 
mercury cell in known good condition, with af\e.m.f. of 5V or 
less. Temporarily disconnect R12 from IC3 and place the cell 
across the meter and multiplier chain, observing polarity. 
Set VR3 for the meter to read in tenths of a milliamp, double 
the applied e.m.f., that is, for an e.m.f. of 3 volts the meter 
should read 0-6/tA. Now connect R12 to the output of ICl 
and adjust VRl for full scale. Re-connect the meter circuitry 
and short the input terminals with SI set to the lOD range. 
Adjust VR2 for zero reading. 

Although VR2 has been made a panel mounting control, 
it will be found that once it has been set it will not be 
necessary to adjust it very often. For this reason it was flush 
mounted with a spindle locking device, a slot being cut in 
the spindle for screwdriver adjustment. 

After a final check that the meter is operative on all 
ranges, and that the battery test position works, the instrument 
is ready for use. Note that the pointer works the correct way; 
low resistance on the left, high resistance on the right, unlike 
a conventional multimeter. 
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A well-tempered synthesiser keyboard 
should produce a well-tempered player! 
However, I suspect that many home 
constructed instruments suffer from in¬ 
stability and much of the enjoyment 
that could be derived from the finished 
product Is lost because of the need to 
knob-twiddle constantly in an attempt to 
keep the brute in tune. If this is the case, 
the problem invariably centres round the 
VCO and voltages from the key contacts. 

With most practical projects, nominal 
voltages will suffice: designed for 9V, 
it will still work happily on 8V or 10V. 
Electronic music requires terrifying 
accuracy for voltage-control of frequency 
if the instrument is to be acceptable. For 
example, O-SV per octave is 42mV for 
each semitone interval and, as a semitone 
is divided into 100 cents in terms of 
tuning and there are those who can hear 
a 5 cent error, we are looking for accuracy 
of 2mV or so. 


EQUAL VOLTAGE DIVISION 

One type of VCO arrangement is to 
provide a linear series of voltages along 
the keyboard so that equal voltage In¬ 
crements appear between each semitone. 
With this system there is no difficulty in 
providing keyboard voltages. A chain of 
Identical resistors is connected across a 
constant voltage source, “Span” being 
arranged by allowing a small adjustment 
of this voltage. Musical pitch increases 
logarithmic basis, although frequency 
doubling for each successive octave. 
Linear voltages thus have to be converted 
exponentially before being fed to the 
ntegrator and comparator. 

The critical part of this scheme is the 
controlled current generator which pro¬ 
vides the conversion and, because of the 
thermal sensitivity of transistors, some 
rt of “oven” is incorporated in the plan 
order to stabilise the convertor as far 
as possible. Despite all precautions, 
frequency tends to be erratic and this is 
evident when playing with other instru¬ 
ments. 


GEOMETRIC DIVISION 

I recently played a Mini-Korg and 
decided to test this by tuning it to my 
Hammond immediately it was switched 
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EXPONENnAL 




Comparing log and linear conversion 
of control voltages to musical pitches 

on. It stayed in perfect tune for several 
hours of use, measured against the rigid 
tuning of rotary magnetic generators. I 
have no circuitry for the Korg, nor was I 
in a position to look into the “works” at 
the time, but I guess that a different 
approach is used in this and other syn¬ 
thesisers. 

By arranging that the keyboard control 
provides a geometric (or log) series of 
voltages, converted on a linear basis 


in the VCO, the problems surrounding 
the current generator can be obviated. 
Doubling the keyboard voltage results 
in frequency doubling (or raising pitch 
by one octave). 

From the reliability aspect, it would 
seem better to adopt this system in order 
to dispense with the convertor; the 
logarithmic keyboard can be arranged 
with presets and octave switching con¬ 
tacts or CMOS devices. Voltage control 
from sources other than the keyboard 
is stiil available with this method, of 
course. Provided that thought is given 
to the possible temperature sensitivity of 
passive components and that a stabilised 
power supply is considered to be a sine 
qua non, the instrument will only need to 
be tuned once—during initial setting up. 
The only qualification is that rough treat¬ 
ment and slack presets will upset things, 
but the remedy is fairly obvious! 

Exponential convertors cause no prob¬ 
lems in other modules, such as transient 
generators or VCFs: they are only con¬ 
cerned with processing existing frequen¬ 
cies. 

UPPER MANUAL 

Readers' letters indicate that there is 
considerable interest in organs. An 
excellent introductory text for those 
seeking a broad spectrum understanding 
of electronic organs and their workings is 
the revised Musical Instrument Manual, 
from Pitman, written by Alan Douglas, 
costs £7’50 and has become a standard 
work over the years. It is not a con¬ 
structional book, nor does it contain 
circuitry of a complete organ, but is a 
most useful reference manual for those 
wishing to increase their background 
knowledge. As a guide to theory and 
design, it offers chapters that point the 
way for the self-designed instrument: 
parts of commercial circuits and ex¬ 
perimental methods appear in the book. 

The approach by designers over the 
years to producing instruments capable 
of serious musical interpretation is 
probably this book’s theme. It can be 
recommended to anyone contemplating 
an organ with conventional voices for 
light entertainment. 



The Mini-Korg synthesiser 



















DIGITAL MULTIMETER 

A new, low-cost, multi-function digital 
multimeter intended for both the amateur 
and professional engineer is the latest 
product from Fluke International Co., 
to be marketed by ITT Instrument Services. 

The Fluke Model 8020A digital multi¬ 
meter has been designed to withstand the 
rigours of frequent field use. It incor¬ 
porates a 3i-digit liquid crystal display of 
iin character height, and has the various 
function and range push-button selectors 
arranged down one side of the unit to 
allow one-handed operation. 

A custom designed cmos/lsi circuit 
provides analogue-to-digital conversion 
and display decoding and drive. Together, 
the use of the lsi circuit and lcd help to 
ensure maximum battery life from the 
small 9V alkaline cell, which consequently 
gives up to 200 hours operation. 

Standard features of the 8020A include 
auto-zero and auto-polarity, and the 
instrument has a total of 26 ranges and six 
functions. These include ten voltage 
ranges, from lOOfiV to IkV d.c. or 750V 
a.c. with a basic d.c. accuracy of ±0-25%. 
There are six resistance ranges, from 100 
milliohms to 20 megohms with a basic 
accuracy of ±0’2%; three ranges for 
■diode test functions, of 2 kilohms, 200 
kilohms and 20 megohms: and two con¬ 
ductance ranges. 

With the inclusion of the diode test and 
conductance functions, the 8020A offers, 
it is claimed, far more comprehensive 
capabilities than those normally associated 


with low cost, portable analogue or digital 
instrumentation. 

In the case of the diode test function, 
for example, sufficient voltage is supplied 
to turn on a semiconductor junction, so 
that diodes and transistors can be tested 
for the correct forward bias voltage in 
situ. Individual paralleled resistors can 
also be checked, without the need to dis¬ 
connect them from circuit. 

Two conductance ranges are available. 
One enables the measurement of 
resistances as high as 10,000 megohms and 
thus makes possible the checking of 
resistance values in high voltage dividers, 
leakage in capacitors, printed circuits, 
cables and insulators, etc. The second con¬ 
ductance range measures over the. equiva¬ 
lent resistance range from 500 ohms to 
1 megohm, and provides the means of 
directly measuring transistor beta. 

Extensive overload protection is a 
built-in feature and the instrument is 
protected against accidental or unknown 
input conditions up to a continuous 300V 
d.c. or r.m.s. a.c. on all functions and 
ranges, and against transients up to 6kV. 
The range of accessories available extends 
its capabilities into the fields of tem¬ 
perature, r.f., high voltage and current 
measurement. 

Two r.f. probes can be provided. Model 
82RF enables the measurement of high 
frequency r.f. voltages from lOOkHz to 
500MHz, with an accuracy of IdB up to 
lOOMHz and 3dB from 200MHz to 
500MHz. Model 81RF may be used for 
frequencies from lOOkHz to lOOMHz, and 
has an overall accuracy of IdB. 

The high voltage probe, model 80K-40, 
is a general purpose accessory for measure¬ 
ments up to 40kV d.c. or 28kV r.m.s. a.c. 
With a guaranteed probe accuracy of 1 % 
at 25,000V, the 80K-40, is invaluable in 
TV servicing applications in which the 
establishment of precise h.t. and e.h.t. 
values are essential. 

To convert the 8020A into an accurate 
thermometer, the 80T-I50 universal tem¬ 
perature probe can be used. The opera¬ 
tional temperature range of the probe is 
—50°C to 4-I50°C, and the instantaneous 
temperature is registered at ImV d.c./ 
degree. 


For high-current measurements, the 
801-600 clamp-on citrrent transformer 
connects directly into the 8020A, as an 
interface to the circuit being checked. 
The transformer extends the a.c. current 
handling capability of the 8020A to 600A, 
and allows accurate measurements to be 
made without the need to break the circuit 
under test. 

Other accessories include a battery 
eliminator and a protective carrying case 
containing test lead compartments. 

The basic price of the Fluke 8020A 
digital multimeter is £99, the accessories 
costing extra. Further details, if required, 
can be obtained from Fluke International 
Corp., Dept. P.E., Garnett Close, Watford, 
WD2 4TT. 

HALL EFFECT 
MICROSWITCHES 

Utilising Hall effect i.c.s to give bounce 
free switching. Electronic Engineering Ser¬ 
vices havejust announced three new ranges 
of contactless microswitches. 

These long life, high reliability micro¬ 
switches require a maximum operating 
force of less than I ■2N and, under constant 
environmental conditions, have a life in 
excess of 10® operations. 

The output is derived from two open 
collector transistors which generate a 
static Uniphase or antiphase signal and, 
with rise and fall times of less than O-S/is, 
switching currents up to 500mA and 
operating voltages of between 4-5V and 
27V, these microswitches will directly 
interface with all data logic systems. 

Designated CMl, 2 and 3, these three 
sizes of microswitch are interchangeable 
with standard mechanical versions, have 
an operating temperature of — 25°C to 
-t-70°C, are available with either push-on 
or pcb terminations and comply with the 
application and environmental require¬ 
ments of classes HSF (DIN 40 040) and 
IP40 respectively. 

Further information on the CMl, 2 and 
3 microswitches can be obtained from 
Electronic Engineering Services Ltd., 98 
Croydon Road, Penge, London SE20 7AB. 

POWER WRAPPER 

A budget-priced battery powered wire 
wrapping gun is the latest product from 
Vero Systems (Electronic) Ltd. This, it is 
claimed, brings powered wire wrapping 
within the scope of the development 
laboratory or serviceman for the first 
time, since its price is reckoned to be only 
one-third that of other power tools. 

The tool is designed for standard mini¬ 
wrap terminals {0-6mm square), and uses 
0-25mm wire. A bit and sleeve to give a 
“modified” wrap are fitted as standard, 
and there is a built-in backforce device to 
prevent over-wrapping. Rechargeable 
nickel cadmium batteries and a battery 
charger are also available. 

The tool is supplied, excluding batteries, 
at £32-50 and is available from Vero 
Systems (Electronic) Ltd., 362a Spring 
Road, Sholing, Southampton, Hants. 



The Fluke 8020A Digital Wire Wrapper Eiectronic Engineering 

Muitimeter from Vero Services 
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CALCULATOR/WATCH 

MODULE 

A set of complementary metal oxide 
semiconductor lsi devices designed for 
use in calculator, wristwatch or control 
applications is now available from 
National Semiconductor. 

Using this set of programmable, cal¬ 
culator-oriented processor chips, designa¬ 
ted the MM58101 (rom element) and 
MM58102 (memory and processor). 
National have fabricated a combined 
scientific slide-rule calculator and digital 
watch module, complete with keyboard and 
liquid crystal display. 

The scientific calculator and watch 
module is claimed to be the first to use 
liquid crystal display technology. In 
addition to presenting a six digit con¬ 
tinuous display of hours-minutes-seconds, 
the unit also has a month/date calendar, 
AM indicator and dual night viewing 
, lights. In the calculator mode, it employs 
algebraic logic, has full scientific notation, 
trig and log functions, store and recall 
memory, pi, powers of numbers, register 
exchange and reciprocals. 

Hybrid construction is used to mount 
the chipw on a small p.c.b., on which is 
also mounted a miniature 5 by 4 matrix 
keyboard and field effect lcd with iinch 
hi^ digits. 

Thirty-six possible switch functions are 
available on the dual function keyboard. 
Normally in the numeric entry mode, a 
function key calls up the upper case 
functions such as natural logs and sine 
or cosine. Another key is pushed to place 
the watch module in the timekeeping 
mode. The six most significant digits are 
displayed for calculations, with switches 
on the side to call up the next six signifi¬ 
cant digits, as well as the calendar/date 
functions. Switching to the calculator 
mode from the timekeeping mode is 
done by pushing any digit key. 

Unlike conventional digital watches 
there is no complicated procedure for 
setting time or date, since the calculator 


keyboard may be used instead. For 
example, the user can add or subtract 
seconds by merely pushing the plus or 
minus key and then the desired number 
of seconds. Similar procedures can be 
followed to set hours, minutes and days. 

Also, unlike the standard digital watch, 
the watch-calculator module can be used 
to store numeric information unrelated 
to either calculations or time-keeping. 
For example, if a user wants to remember 
a telephone number or pricing on an item 
and has no paper, the number can be 
punched on the keyboard and entered 
into the calculator memory. There it will 
remain as long as there are live batteries in 
the module, or until the user calls it up 
and erases the information. 

Full technical details of the MM58101 
and MMS8102 module can be obtained 
from National Semiconductor UK Ltd., 
Dept. P.E., 19 Goldington Road, Bedford, 
MK40 3LF. 

PROBE 

Off-the-shelf availability of the China- 
glia USIJET signal injector, is announced 
by Alcon Instruments. This pen-shaped 
probe is primarily intended for use in fault¬ 
finding and alignment checking in the radio 
and television areas, but has applications 
over a wide field including audio and 
communications markets. 

The Usijet incorporates a blocking 
oscillator as the main signal generator, 
giving a basic 500kHz signal which is 
modulated at IkHz for identification and 
demodulation check purposes. It is 
claimed that because of the waveform 
used the equipment produces harmonics 
detectable right up to 500MHz, very 
useful in many servicing applications. 

Power consumption is 25mA from an 
internal I-5V battery to give a 20V peak- 
to-peak output at the probe tip. 

In use the equipment case is merely 
connected via a fly-lead to the “earth¬ 
line” of the item un(fcr test and the probe 
tip touched on the required point of the 


circuit under investigation. The Usijet 
can be used in “live” test conditions and 
the probe can cope with circuit voltages 
of up to 500V d.c., somewhat more than 
would normally be met in most practical 
circumstances. 

The price, complete with earthing lead 
and instructions, is £11-55 inc. VAT. 
Further information can be obtained from: 
Alcon Instruments Ltd., Dept. P.E., 
19 Mulberry Walk, London SW3. 

STORAGE BINS 

For many years the name Platignum has 
been associated with writing materials 
and drawing equipment. Now the Com¬ 
pany has come up with a simple and 
effective idea that should find a home in 
many varied places. 

Called Tidy Tubs, they are ideal for 
storing components, tools, such as side 
cutters, long-nose pliers and small screw 
drivers, in any one of six different size 
plastic tubs. Each Tub is fixed to its 
neighbour, forming one compact group. 

A word of warning—if you find your 
Tidy Tubs have disappeared from your 
workbench or study, they make nice 
flower trays and are ideal for storing all 
those special ladies’ trinkets that litter the 
dressing table. 

Available in six different colours, the 
Platignum Tidy Tubs cost £1-50 each and* 
should be obtainable from most good 
stores and stationers. 

CATALOGUES RECEIVED 

A new components catalogue and a 
databook have been received this month 
which we can recommend to our readers. 

The latest Marshall’s Catalogue takes 
on a new format, 32 large size pages, 
containing many new items including a 
revamped section on Microprocessors and 
support devices. 

And how’s this for progress during the 
age of spiralling prices, Marshall’s have 
actually “Reduced” the cost of their 
catalogue from 55p (168 small pages) 
post paid to 35p post paid. The price to 
callers is 25p, the old price was 40p. 

Copies of the Marshall’s Components 
Catalogue can be obtained from any of 
their shops or direct from A. Marshall 
(London) Ltd., Dept. P.E., 42 Cricklewood 
Broadway, London NW2 3ET. 

At the time of going to press, Marshall's 
are caught up in the Cricklewood postal 
dispute and readers are advised to order 
through their Glasgow and Bristol branches. 

Now available from Jermyn Distribu¬ 
tion is the new 400 page National Semi¬ 
conductor MOS/LSl Databook. Divided 
into 14 sections and commencing with 
Clocks and Counters/Timers it also 
includes details on Electronic Organ and 
TV Circuits, A/D converters, Communica- 
tions/CB Radio Circuits as well as 
Watches, Calculators and Keyboard 
Encoders. 

Copies of the National Semiconductor 
MOS/LSI Databook, price £5-95, can be 
obtained from Jermyn Distribution, Dept. 
P.E., Sevenoaks, Kent. 
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BRITAIN LOOKS WEST 

Of all the European nations, Britain Is 
the leading investor in the United States 
according to figures published by the US 
Department of Commerce. Second place, 
but a long way behind, is the Netherlands 
followed by Switzerland, France, Germany 
and Sweden, 

The attractions of the USA are almost 
self-evident. The richest market in the 
vyorld, a less onerous tax structure, high 
levels of productivity and better profits. 
The push factor, driving investment out 
of Britain, is high taxation, a squeeze on 
profits, constant government meddling, 
low productivity. 

Who are the traitors investing overseas? 
Are they shady speculators?Wide boys? 
Currency manipulators? The biggest 
British investor in the United States this 
decade has been government-controlled 
BP. 

Turning now to eiectronics, the great 
Wescon exhibition in San Francisco 
opening in September was already over¬ 
booked with a Waiting list of 100 booths, by 
last June. In contrast, the London Elec¬ 
tronic Components Show was disappoint¬ 
ing in both number of exhibitors and 
overall attendance. 

No, I'm not knocking Britain. Only 
pointing out the difference between an 
environment where effort is rewarded and 
one where it isn't. BP in the USA earns 
us a lot of dollars. So do the operations 
of companies like GEC and Plessey and 
dozens of others overseas. When wealth- 
creation becomes respectable again in 
Britain, as it must, there will be plenty of 
investment here, too. 

FREE ENERGY 

Alternative energy sources are going 
to be very good business. Post Office 
trials on v.h.f. telephone links powered by 
solar cells have already shown that even 


in the bleak British winter there is sufficient 
free energy to keep the batteries topped 
up. And this with cells of comparatively 
low efficiency. 

IBM is now claiming to have developed 
a gallium arsenide solar cell with a con¬ 
version efficiency of 22 per cent. Early 
silicon devices were typically 10 per cent 
efficient and more recently silicon devices 
for terrestrial use have achieved 18 per 
cent. These new levels of efficiency (IBM 
believe they can push up to the theoretical 
maximum of 27 per cent) could transform 
present thinking. 

At a symposium staged by the Royal 
Institute of Navigation last December, 
Colin Mudie, a yacht designer and naval 
architect, suggested that a 400ft long vessel 
operating on the edge of the tropics could 
receive five million kilowatt-hours of 
energy from the sun per year, sufficient 
to provide a quarter of the total propulsion 
power for a ship that length. He didn't 
think much of this and was proposing 
sails (wind power) as a better method 
of helping out on the cost of oil and its 
conservation. But the big Increase in 
efficiency resulting from the IBM develop¬ 
ments would transform his solar energy 
figures. 

Mudie and other workers in the field 
of naval propulsion are not suggesting 
doing away with conventional engines. 
They would remain but be supplemented 
by other energy inputs. If sails were used 
they would be in the form of scientifically 
designed aerofoils controlled positionally 
by hydraulic actuators,, position being 
determined by electronic computer. 

NUMBERS GAME 

Gone are the days when 1 used to brag 
to acquaintances that my electronic 
watch (then still a novelty) had the equiva¬ 
lent of 312 transistors in a single chip. 
And today I'd feel rather foolish in ad¬ 
mitting that it cost £80. 

Even so, I was knocked back when I 
was sent advance information on Hewlett- 
Packard's package which for want of a 
better name they are calling a wrist 
instrument because it is more than a 
wrist watch, having over three dozen 
different functions including a calculator, 
a memory, a 200 year calendar, a timer, a 
stopwatch, an ordinary watch and an 
alarm. It has 28 keys and a nine-digit 
display and inside, including the controlling 
microcomputer, are the equivalent of 
38,000 transistors. 

The only area where I can still score 
Is on price. The H-P wrist instrument 
costs 650 dollars. But for that price you 
could hand it down to your great-great- 
great grandchild who would still find 
the calendar accurate. I have to adjust 
mine every month when there are less 
than 31 days. 

The H-P LSI package may, however, 
soon be out of date. At a recent lEE 
meeting, Derek Roberts of Plessey 
Microsystems was saying that by 1980 
we could expect to see the million-device 
chip! 
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And while on the numbers gamer I 
might mention the increasing com¬ 
plexity of simple (well, they used to be) 
wiring looms on aircraft. Looking at three 
generations of aircraft, the Starfighter 
had 8,000 test points, the Phantom 15,000 
and now the MRCA Tornado has 40,000. 
Cable inspection by computerised auto¬ 
matic testing takes four hours. A good 
operator with an Avometer and Megger 
testing for continuity and insulation 
resistance would spend 10 weeks on the 
same task. 


READY TO GO 

It is 10 years since the short-rang« 
Seawo/f self-defence system for the Roya 
Navy was conceived. Now, after two years 
of intensive trials in HMS Penelope, it is 
ready for production. 

Intruders into naval air space wouU 
be wise to keep their distance. A targe 
rocket travelling at over twice the speec 
of'sound was destroyed first shot. Lookinj 
for an even more difficult target it was 
decided to try 5eawo/f against an ordinary 
4-5-inch shell. It seems that nobody hac 
thought of doing such a thing before 
Seawolf attacked at a closing speed o 
better than Mach 2-5 and engaged success 
fully. 

So Seawolf has proved itself as an 
anti-missile missile. No human operatoi 
could hope to exercise control at such 
speeds of engagement so everything is 
automatic from threat evaluation to kil 
recording. Like most big projects Seawol] 
has been a joint development with BAC 
building the missile, Vickers the launchers 
and Marconi Radar Systems main con 
tractor on electronics with Ferranti as 
major subcontractor. 

The first production system is to go in 
HMS Broadsword a Type 22 frigate, now 
being fitted out in Yarrow's Yard, Glasgow 


DISTRIBUTORS GAIN 
GROUND 

Forecasts a few years ago that the 
proliferation of small component distribu 
tion companies would cease and just 
a few big firms would survive have been 
confounded by events. There are still 
over 100 in the UK and all seem to be 
making a living if not a fortune. 

What's more, their trade association 
AFDEC is projecting over 20 per cent 
growth in the value of component sales 
through these outlets. In 1978 over £50 
million worth of active components will 
be bought through distributors and over 
£33 million worth of passive components. 
The total UK market for components next 
year is estimated at £254 million for active 
devices and £244 million for passives. 

There will be some price inflation but 
AFDEC experts say this will be only 5 
per cent for active devices, 10 per cent 
for passive, and thus well below the current 
general inflation rate. So, relatively, 
components are still getting cheaper. 
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m diode has been with us for a very long time, and 
various types have been used for a multitude of purposes. 
1 the most common application of diodes is rectification or 


Modern diodes of the silicon type are very useful for 
medium potentials over a wide range of currents, 
but at low voltages the forward voltage drop begins to dwarf 


j 



Fig. 1 



Fig. 2 


the applied signal. This voltage drop is in any case dependent 
on temperature, but at low currents can also vary (logarith¬ 
mically) with the current through the device. 

For a silicon diode the drop is of the order of 0-7V for 
currents in the milliampere range. Whilst diodes of the 
germanium or metal oxide type have a lower intrinsic drop, 
their behaviour is less well defined and their bulk resistance 
much greater. These diodes also have much higher reverse 
leakage currents than silicon types. 

ACTIVE RECTIFIERS 

For low-level audio and control measurements, what is 
needed is an active rectifier which is free from the afore¬ 
mentioned problems, but is also cheap. This article describes 
the use of operational amplifiers in this application, showing 
the numerous possible configurations. The circuits are all 
designed around the 741 integrated circuit for economy, but 
faster amplifiers can be used if necessary. All diodes are 
silicon types, 1N4148 or similar, and should be of good 
quality to ensure low reverse leakage. 

OPERATIONAL AMPLIFIER BASICS 

We do not propose to deal with the theory of op. amps, 
here, but one aspect is particularly useful to us, A unity 
gain inverting amplifier based on an op. amp. is shown in 
Fig. 1. The output moves to keep the inverting input at the 
same potential as the nominverting input, which is earthed 
(through a resistor, for reasons of offset). Hence the currents 
through R1 and R2 must be equal and opposite, and since the 
resistors are equal in value the voltage drops must also be 
equal and opposite. 

If the circuit is rearranged as shown in Fig. 2, the situation 
remains the same on negative input excursions, with the op. 
amp. output settling to one diode voltage-drop (about 0'7V) 
above the actual output. However, for positive input excur¬ 
sions the diode prevents the amplifier from maintaining the 
inverting input at earth potential, and feedthrough occurs. 
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This is overcome by inserting another feedback network as 
shown in Fig. 3. Output 1 consists of the positive excursions 
and Output 2 the negative excursions, settling to earth in 
between. 


INTfGRATOR 

Either output of Fig. 3 can be fed to an integrator such as 
that shown in Fig. 4, to produce an output proportional to 
the mean signal level. The values given are usable down to 
about lOOHz, but the capacitor value may be increased pro¬ 
portionally for lower frequencies, or decreased to obtain a 
faster attack (with higher ripple). It should be noted that the 
tracking performance of this type of circuit is mostly depen¬ 
dent on the quality of the op. amp., and not upon the diode 
voltage drop. 

The feedback resistor, Rfb (which should be the same value 
as Rin) is necessary to ensure that the input offset voltage 
of the op. amp. does not cause the output to saturate. Output 
offset can be improved by at least an order of magnitude by 
trimming the 741 in the usual manner by means of the offset 
null potentiometer. 


FULL WAVE RECTIFIER 

The circuit of Fig. 4 gives a fair indication of the average 
value of a complete waveform only if it is symmetrical. If 
instead we differentially amplify both outputs as in Fig. 5 we 
have an “ideal" full wave rectifier, shown here producing a 
triangular waveform from a sawtooth one. 


The low values of load resistors on ICl and high input 
resistors on 1C2 are necessary to prevent the potential on the 
inverting input of IC2 from interfering with the rectification 
process. Following this circuit with the integrator will pro¬ 
duce an output proportional to the true mean of the input 
waveform. 

THE “PSEUDO-DIFFERENTIAL" CIRCUIT 

A simpler circuit providing a positive full-wave rectified 
output is shown in Fig. 6. For positive input excursions the 
output of ICl goes negative and diode D2 conducts. ICl 
therefore acts as an inverting amplifier and a current flows 
out of the inverting input of IC2, which is maintained at 
virtual earth by Rfi.. A current flows into this input via Rb, 
so the net current out of the inverting input of 1C2 is Ira — 
Irb. Since ICl has unity gain, these currents are propor¬ 
tional to the values of Ra and Rb. 

For negative input excursions, the output of ICl goes 
positive and D1 conducts, so ensuring the maintenance of the 
virtual earth at the inverting input of ICl. D2 is now 
reverse biased, therefore no current flows through Ra since 
it is connected (in series with a 22k O resistor) between two 
virtual earths. The net current from the inverting input of 
IC2 flows through Rb alone. If R.\ - IRb, the outputs of 
IC2 will thus be equal for positive and negative excursions, 
and the overall gain of the system will be Rtb/Rtt. For 
unity gain, Rtb in Fig. 6 should be I3'6kn, 

If a mean value output is required, a capacitor can be 
added across Rrb, transforming IC2 into the integrator 
circuit of Fig. 4. The effective value of Rm is 13'6k Q. 
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It should be mentioned that, by reducing the value of the 
input resistor, all the rectifiers described so far can provide 
gain as well as rectification. 

PEAK LEVEL MONITORING 

The rectifier configuration commonly employed in audio 
millivoltmetors is illustrated in Fig. 7. Essentially it is based 
upon the same principles as have already been discussed, and 
relies upon the fact that at any instant, the current in the 
feedback network equals Vi„/Ri„. Neglecting diode leakage, 
all this current must flow through the meter, and because of 
the bridge arrangement must always flow in the same direc¬ 
tion. Due to the mechanical inertia of the movement, the 
meter will follow the mean of the input voltage, but connecting 
a large capacitor across the meter will give the circuit peak 
reading characteristics. 

The major disadvantages of this method are a very slow 
attack, and the inability of the circuit to provide an output 
voltage that can be used to control other circuits. The circuit 
to be described next is capable of overcoming both these 
disadvantages. 

A general circuit for an ideal peak value detector is shown 
in Fig. 8. For positive input excursions, the inverting input 
of the op. amp. is made to follow the non-inverting input. 
If the input signal drops momentarily, the inverting input is 
held at its previous potential by Cl, and the op. amp. output 
goes hard negative, thus biasing off D1. 

The attack of this circuit is limited only by the forward 
diode resistance and the op. amp. output impedance, and to a 
limited extent by its slew rate. 

This detector can be coupled to the output of the circuit of 
Fig. 5 to produce an ideal peak value monitor. With the 


values shown, the decay time will be about one second. This 
can be changed by altering the value of Cl. If the output 
is used to drive a voltmeter, the impedance of the latter can 
be used as the load. The decay time will then depend upon 
the product of this impedance and Cl. 

ECONOMICAL CIRCUIT 

If the peak rectifier can be fed from a low impedance 
source, or a known impedance (such as a common emitter 
transistor stage) a neat trick can be used to reduce the number 
of op. amps, required. The circuit of Fig. 9 is a full-wave 
peak detector which must either be fed from a source of 
significantly lower impedance than Rl, or must have R1 
reduced in value to allow for the source impedance. 

On negative input excursions. ICl feeds inverted signals to 
1C2, but on positive input excursions D1 isolates ICl from 
the circuit, and the input signal is fed directly to the detector. 
The detector, based on 1C2, is the same as that of Fig. 8. 

INPUT ISOLATION 

While ail the circuits shown have d.c. coupled inputs, if any 
standing d.c. potential is present on the source, a capacitor 
must be inserted in the input circuit. This capacitor must 
have a low impedance at the lowest frequency used, in com¬ 
parison with the input resistor. 

For very low level work, signals of less than lOmV, the 
offset of the operational amplifiers will need to be nulled. 
This is achieved by connecting a 10k il potentiometer across 
pins 1 and 5 of the 741, with its slider connected to --Vcc, as 
shown in Fig. 4. This potentiometer is then adjusted to 
exactly zero the output with no input signal. ★ 
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A selection of readers' 
original circuit ideas. It 
should be emphasised 
that these designs have 
not been proven by us. 
They will at any rate 
stimulate further thought. 

Why not submit your 
idea? Any idea published 
will be awarded payment 
according to its merits. 

Articles submitted lor 
publication should con¬ 
form to the usual prac¬ 
tices of this journai. e.g. 
with regard to abbrevia¬ 
tions and circuit symbols. 
Diagrams should be on 
separate sheets, not In¬ 
serted in the text. 

Each idea submitted 
must be accompanied by 
a declaration to the effect 
that it is the original work 
of the undersigned, and 
that it has not been 
accepted for publication 
elsewhere. 


TIMER 



Hg.1 


A TIMER based on a NE555 i.c. is 
shown in Fig. 1, which can be 
programmed to switch another cir¬ 
cuit on or off after a variable time 
duration. A manual override switch 
is included to keep the “controlled” 
circuit permanently on. If pro¬ 
grammed to switch "on” after a time 
duration, the l.e.d. will illuminate 
giving warning that time is elapsing 
to the moment when the controlled 
circuit will switch on, and remain on 


indefinitely. If programmed to switch 
“off” after a duration, the timer 
will also switch itself off completely. 

This circuit was designed primarily 
for a radio receiver working from a 
12 volt supply. Switch SI is a double 
pole two-way switch used for the 
reset and start function. Switch S2 
is for the time off or time on func¬ 
tion, and S3 is the onjoff and a 
timer switch. 

To operate the timer, first switch 


on S3 and set VR1 for required time 
interval and S2 for mode of opera¬ 
tion. Then switch SI to start posi¬ 
tion, and switch off S3, otherwise the 
controlled unit will remain perman¬ 
ently on. The maximum time inter¬ 
val of this circuit is about thirty-five' 
minutes. 

Pek Yaw Kee, 
Sarawak, 
East Malaysia. 









































WIPER DELAY UNIT 



T he problem with many published 
designs for windscreen wiper 
delay units is that they require more 
than one additional control to be 
placed somewhere in the car. The 
requirement to be fulfilled was that 
only one control be used. 

The problem was solved using the 
circuit of Fig. I. Operation is simple. 
ICl functions as an astable driving 
the relay whose contacts are wired 
across the wiper on/off switch. 

If continuous wiping is required 
the wipers'are switched on as normal 
but if intermittent wiping is required 
the wiper on/off switch is switched 
ofi and the unit switched on via the 
switched pot. The unit switches the 
wipers on long enough for the “self 


park” facility to take over and the 
wipers return to their relaxed 
position. 

The relay contacts must be rated 
at least 5A, and it must operate at 
less than 200mA 12V. 

With the values given the relay is 
on for 075 seconds and its maxi¬ 
mum delay is 38 seconds. 

If one wishes to use different 
values for the timing arm VRl, Rl. 
R2 and Cl the formulae are: 

Relay “on” time = 

0693 R, Cl secs. 

Relay "ofF’ time = 

0-693 (R^ -h Rg) Cl 
K. D. Horton, 
Birkenhead, 
Merseyside. 


TRANSISTORISED OYNATRON 


The circuit for the transistorised dyna- 
• tron is shown in Fig. 1. Its mode of 
operation is as follows. If a small 
voltage y is applied to the circuit a 
current / flows, mostly through TR2. 
As y is increased, so does I increase 
(Fig. 2, portion (a)). 

At a point determined by the setting of 
VRl, further increase in K results in a 
decrease in / since TRl begins to conduct, 
thereby switching TR2 off (Fig. 2, portion 

(b) ). With TR2 cut off, further increase 
in y results in a slower rise in I than in 
portion (a), since most of the current 
now passes through R2 (Fig. 2, portion 

(c) ). 

The negative slope of portion (b) is the 
familiar dynatron action. In this region 
the circuit is in effect a two-port network 
with negative dynamic (i.e. small signal) 
resistance (Fig. 3). 

If such a circuit is connected to a 
parallel tuned circuit, as shown in Fig. 4, 
oscillations will be produced, provided the 
losses in the resonant circuit are not too 
great to be cancelled out by the negative 
resistance, and provided the resonant 
frequency is not too high for the tran¬ 
sistors used. This means that almost 
any tuned circuit can be resonated 
(within the above limits) without the 
inconvenience of feedback windings and 
capacitor. 

A further application, a bistable, can be 
realised by connecting the circuit to a load 
resistor Rl (Fig. 5), chosen so that the 
load line cuts the characteristic curve at 
three points (Fig. 6). The result is a 
circuit capable of being switched between 
two stable states by pulses of the correct 
polarity. The output step can be made 
almost any required height (within the 


transistor safety margins) by careful 
choice of Rl, Vcc and the setting of VRl. 
The input and output are the same 
point—the junction of the “black Box” 
and Rl. 

These two applications give useful 
insight into one of the less well understood 
causes of instability in home-designed 
equipment. From the point of view of a 
battery or power supply, any circuit, be it 
a radio or a bursar alarm, active or 
passive, is still basically a two-port 
network, assuming that a split isupply is 


not used. If, around the chosen working 
point for the circuit, this two-port network 
exhibits negative dynamic resistance as 
described above, then the circuit will be 
inherently unstable. 

This would not matter if the power 
supply and wiring were perfect, but in 
practice the instability would manifest 
itself as high frequency oscillation in the 
wiring, or bistable action. Monostable 
and astable action are also possible. 

D. McClure, 
Ayr. 
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HIGH IMPEDAHCE AUDIO PRE-AMP 





The circuit shown in Fig. I was deve- 
' loped to combine the high impedance 
of a field effect transistor with the high 
gain and repeatability of an operational 
amplifier. It will drive an LM380 audio 
amplifier with about lOOmV from almost 
any type of microphone. 

As the f.e.t. has a very high input 
resistance and is voltage sensitive, R3 need 
not be varied. Further, most types of 
microphone can be connected across R3 
without isolating capacitors. 

The d.c. potentials around the circuit 
are set by negative feedback from the 
output of ICl to the input via TRl 
(which acts as a common gate amplifier 
at d.c.). Transistor TR2 is a current 
amplifier driving TRl source, allowing 
R6, R7, 01 and C2 to have reasonable 
values. Since common emitter amplifiers 
have current gain only, while common 
gate and common source amplifiers have 
roughly equal voltage gains, the overall 
gain can be set by feedback to the source 
rather than the gate of TRl. 

The audio frequency gain is set by 
R6/R7 to approximately 150 (44dB). 


The upper and lower — 3dB points are 
set to 50kHz and 40Hz by Cl and C2 
respectively. Choice of the value of the 
output coupling capacitor C3 is governed 
by the input impedance of the following 
circuit. The value shown would be 
adequate for driving an LM380. Gain 


may be reduced by increasing R7, and 
vice versa, though this will affect the low 
frequency response. Capacitor Cl pre¬ 
vents h.f. instability. 

N. Ing-Simmons, 
Henley, 
Oxon. 


NEWS BRIEFS 


Safety Abroad 

U NDER the West German Equipment Safety Law, all 
electrical equipment sold in the Federal Republic must 
be safe, and certain organisations and standards have been 
specified by the German Ministry of Labour to indicate how 
such “safeness” shall be judged. This situation is so complex 
that it has become difficult even for German manufacturers. 

Technical Help to Exporters (THE), the export advisory 
service of the British Standards Institution, has produced a 
publication entitled “Electrical Equipment Certification in the 
Federal Republic of Germany”, which will help UK manu¬ 
facturers to understand the complex procedures for electrical 
equipment certification in Germany. It will also help them to 
decide which approval organisations to use. 

Copies of this book can be obtained from THE Sales Office, 
British Standards Institution, Maylands Avenue, Hemel 
Hempstead, Herts. Price £10 to THE members, £13 to 
non-members. 

Post Office Making History 

W HAT should be the world’s first commercial millimetric 
waveguide system, has after a decade of research, 
been given the go-ahead by the Post Office. 

At a cost of £7 million, a waveguide tube of diameter 
similar to that of a car exhaust pipe, will link Bristol to 
Reading, with a capacity of 500,000 simultaneous telephone 
conversations, or 300 television pictures. 

The waveguide is a spiral of copper wire around the inside 
of a glass-reinforced plastics tube, yielding low cost, simple 
to manufacture and install features, and is a design unique to 
Britain. 
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Laying of the 125km waveguide, encased in a steel tube 
will begin in 1979, and eventually employ five booster stations 
to reinforce the digital signals. This venture will involve 
materials supplied by Marconi, BICC, and the British Stee 
Corporation, and should be completed by 1983. 


POIHTS RRISinC 


WARNING SYSTEM (Ingenuity Unlimited, August 1977) \ 

'' We understand that organisations representing blind I 
people have recently expressed concern to the Depart¬ 
ment of the Environment regarding the use of audible 
warning devices connected to direction indicator systems 
on motor-cycles. 

A number of near-accidents have apparently been 
caused by blind persons mistaking the sound of such 
devices for the “Walk" tone at pedestrian-controlled cross¬ 
ings, and so stepping out into the path of traffic. 

The DoE is currently considering legislation to control 
the fitting of these devices to motor-cycles, and we 
feel that our readers should also be aware of the possible 
dangers involved. 

BURGLAR ALARM (May 1977) 

In Fig. 2, page 344, the arrowed connection to S2b 
(WIPER) should come from the bottom (CHASSIS) 
track on the p.c.b., not as shown. 

The connection labelled S2a (2) (3) (4) should be 
labelled S2a (WIPER). 

TV SPORTCENTRE (June 1977) 

The u.h.f. oscillator/modulator incorporated in the Sport- 
centre was a development from an original design by 
A. A. Birch, used in the Cross Hatch Generator published 
in the September 1976 issue. 

We apologise for failing, through an oversight, to attribute 
this part of our TV Sportcentre circuit to Mr. Birch. 
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Bring 'scope'to your interest. 


'There'S only one way 
to master electronics... 
to see what is going 
on and learn by doing: 

This new style course will enable anyone to 
have a real understanding of electronics by a 
modern, practical and visual method. No 
previous knowledge is required, no maths, and 
an absolute minimum of theory. 

You learn the practical way in easy steps 
mastering all the essentials of your hobby or to 
further your career in electronics or as a self- 
employed electronics engineer. 

All the training can be carried out in the 
comfort of your own home and at your own 
pace. A tutor is available to whom you can 
write, at any time, for advice or help during 
your work. A Certificate is given at the end of 
every course. 





1 Build an oscilloscope. 

* As the first stage of your training, you 
actuaiiy build your own Cathode ray 
osciiloscope! This is no toy, but a test 
instrument that you wili need not oniy 
for the course's practicai experiments, but 
aiso later if you decide to deveiop your 
knowiedge and enter the profession. It 
remains your property and represents a 
very iarge saving over buying a similar 
piece of essentiai equipment. 


2 


Read^drawand 
understand circuit 
diagrams. 


in a short time you wiii be able to 
read and draw circuit diagrams, under¬ 
stand the very fundamentals of television, 
radio, computors and countless other 
electronic devices and their servicing 
procedures. 


OCarryoutover40 
^experiments on basic 
circuits. 


We show you how to conduct 
experiments on a wide variety of different 
circuits and turn the information gained 
into a working knowledge of testing, 
servicing and maintaining all types of 
electronic eouipment, radio, t.v. etc. 



All students enrolling in our 
courses receive a free circuit 
board originating from a 
Computer and containing 
many different components 
that can be used in experi¬ 
ments and provide an 
excellent example of current 
electronic practice. 


FHInTTut: 

■way, just clip 

1 Write to:- 
^NAME 

ore about how to learn electronics in a new,e)(citing and absorbing I 
the coupon for a free colour brochure and full details'of enrolment. 5 

British National Radio & Electronics School, | 

P.O. Box 156, Jersey, Channel Islands. | 


1 

|ADDRFSS 

1 

PEB 97 1 
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CINE FADE-IN 


In BP 1 468 687, Agfa-Gevaert AG of 
Germany describe a simple circuit for 
muting the magnetic recording head of a 
sound film camera of the Super-8 type 
now widely sold. 

Such muting is desirable for two 
reasons: firstly, to prevent sound overlap 
when cutting between scenes (because 
sound is inevitably recorded one second 
or so ahead of the picture); secondly, 
to obviate the “Micky Mouse" effect 
created by recording speech on a medium 
as'it gathers speed. 

As shown in the circuit. Fig. 1, a micro¬ 
phone feeds an audio amplifier, the 
output signal from which is fed to the 
coil of the recording head. The output of 
Amp-1 is, however, connected to the 
head coil via a further amplifier and 
this connection will be shunted by the 
f.e.t. TR1 when in conductive state. 

The conductive condition occurs when 
the gate electrode of TR1 is at negative 
potential. This is its normal state when 


switch SI, which is ganged with the motor 
start/stop'Switch, is opened. 

When SI is closed, the motor starts 
and the film runs past the recording 
head which receives no audio signal, 
due to the shunting effect of TR1. Over 
the next second or so, however, capacitor 
Cl gradually charges, to cause a gradual 
movement to positive of the f.e.t. gate. 
The transistor becomes less conductive. 


so less shunting occurs, and a gradually 
increasing level of audio signal is fed to 
the recording head. 

The exact time taken for Cl to charge 
and shunting to cease depends on the 
values of resistors R1, R2, between 
which the capacitor and gate are tapped. 
There is thus a gradual fade-in of the 
recorded signal, coincident with the 
film attaining full speed for recording. 



VALVE SOUND 


A timely reminder of the electronic 
reasons why valved amplifiers and limiters 
are now making a comeback Is given 
in BP 1 467 649, by Novanex Automation 
NV of Holland. (In fact some valve equip¬ 
ment has never been away; several 
recording studios still treasure their 
fifteen-year-old Fairchild limiters and 
refuse all cash offers for them.) 

Essentially, whereas transistors clip 
a sinusoidal signal hard and sharp, to 
produce a trapezium and spiky harmonics, 
a valve amplifier with transformer coupling 
smoothes out the sine wave without 
chopping it. This produces the character¬ 
istic “valve sound" of pleasantly smooth 
limiting on overload. 

The Novanex patent is for circuitry 
which creates a valve sound from solid 
state components. The essential integer 
is a limiter which is capable of handling 
a maximum of power without saturation, 
and this is achieved by designing the 


60 


limiter so that its performance depends 
on mains voltage. 

Although no component values are 
given, the basic circuit shown in Fig, 1 
uses an f.e.t. as a limiter and a Zener 
diode to ensure its mains voltage depen¬ 
dency. The preamplifier is capacitor 
coupied to the power amplifier and 
resistors R4, R5 and Zener diode D3 are 
series connected between the power 
amplifier and the negative terminal of 
the mains suppiy. 

The gate electrode of the limiter f.e.t. 
TR1 is connected to the junction of R5 
and D3, through diode D4 and R3. The 
gate is also connected to the input of 
the power amplifier via R2 and C3. The 
network of C3, R2 and R3 ensures sym¬ 
metrical operation of TR1, even at high 
intensity input levels. ' 

Diodes D1, D2, are oppositely connected 
in series with VR1 control parallel to 
R1. This arrangement smoothes out the 
sinusoidal input for soft limiting and a 
“valve sound”. The Zener arrangement 
renders the limiting level of the f.e.t. 


mains voltage dependent so that the 
limiting level increases with an increase 
in mains voltage. This, it is claimed, 
enables basic limiter design to around 
20 per cent higher than for a comparable 
circuit which does not depend on mains 
voltage. 

F!9.i bp 1 467 649 
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B. BAMBER ELECTRONICS 


PLEASE ADD 8% VAT UNLESS OTHERWISE STATED 

HV pc MLAY8, 4 (»l*_chjngj< 


Dept PE. 5 STATION ROAD, LITTLEPORT, CAMBS., CB6 1QE 
Telephone: ELY (0353) 860185 (2 lines) Tuesday to Saturday 


PLEASE ADD 8% VAT UNLESS OTHERWISE STATED 

14 OIL REED RELAYS. 5 to 12V DC, 450 ohm 
coil.OMignMl to work diroctty from TTL Logic. 
Single Pole Chenge over. Oontect retinge 26V ^ 



TECHNICAL TRAINING 
IN ELECTRONICS AND 
TELECOMMUNICATIONS 


examination ICS guarantee coaching until you are successful. 

City & Guilds Certificates; 

Telecommonications Technicians 

Radio, TV, Electronics Technicians 

Technical Communications 

Radio Servicing Theory 

Radio Amateurs 

Electrical Installation Work 

MPT Radio Communications Certificate 

Diploma Courses: 

Colour TV Servicing 

Electronic Engineering and Maintenance 
Computer Engineering and Programming 
Radio, TV, Audio Engineering and Servicing 
Electrical Engineering, Installation 
and Contracting 


To: International Correspondence Schools 
■nn Dept. 772K, Intertext House, London 
luu SW8 4UJ or telephone 01-622 9911 

Subject of Interest.. .. 

Name__ 


..Tel,. 


BARGAIN PARCELS SAVE POUNDS 

Huge quantities of electronic components must be cleared a: 
required. 1000's of capacitors, resistors, transistors, etc. Ex equipment 
panels etc. covered with valuable components. No time to sort, so mi- 
sell by weight. 7 lb. £3-95; 14 lb. ES N; 28 lb. £10-90; 56 lb. £15-75; 112 
£21-50 inc. P. & P. 

Bargain Packs 

300 mixed resistors i and JW, £1; 1 lb ferric chloride, £1; 100 mixed diodes 
IN4148 etc., £1; 12 ZTX212 general purpose PNP, £1; 100 mixed diodes 
including zeners and power types, £3; 5 lb ferric chloride, £4; 100 new and 
marked signal transistors including ZTX212, BC148. BF194 etc., £3; 1 dalo 
pen., etch resist, 90p; 200 new and marked transistors including AC12e, 
2N3055. ZTX212. BFY50, BDB131. £0; 40 OA91/95 type glass diodi " ‘ 
aluminium boxes 128 x 44 x 38mm ideal for signal injectors etc., 

30p P. & P. on all above items. Over £10 P. & P. free. 

DeLuxe Fibre Glass Board P.C. Kits 
Includes 150 square inches copper clad board. 1 lb ferric chloride. 1 dalo 
pen, abrasive cleaner, 2 mini drill bits, etch tray and instructions. Only 
£5-30 inc. P. & P. 


Send Cheq 


)r P.O. V 


to Sentinel Supply, 20a Waddon Road. 


The 

Amazing Mk. 2 

MINISONIC 


complete kit. module kits, pre-f 
work kit or complete Instrume 
components for the original P.E. I 
us supply yours. 

Send S.A.E. for full price structure 
Kits for the P.E. Sound Synthesisei 



BUY FROM THE SPECIALISTS 


EATON AUDIO 


ORDER ONLY, C.W 
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GOLDRING G103 
Belt Drive Turntable 

Famous name turntable slashed 
to near half price. Complete with 
plinth, cover and leads. Accepts 
any standard cartridge (not mciu 
FULL 12 MONTH GUARANTEE 


OUR PRICE 

£ 29.95 



Build your own 
GOLDRING CK2 

Belt Drive Turntable 

Beautifully engineered unitfi 
the famous Goldring company, 
comes complete with instructions 
and all necessary parts. Ready to ’ ONLY 
incorporate into your design ** £ 1 £5 OC 

plinth and cover. The pleasure of £ 

assembling your own deck. (+ p.p & Ins. £1.50) 

(Plinth, cover and cartridge not included). pRircr 

Usually sold for £54.95 with plinth and cover. |L 
Call In or send cheque, P.0, M.O, Access, 

Barclaycard, Diners Club or American Express Number. 


Snriis Sound fludin 

248/250 TOTTENHAM COURT ROAD, LONDON W1. TEL: 01-637 1908 


AND MICRO 
I COMPUTER i 


INTRODUCING 
THE CROFTON 
EXPANDABLE 
V.D.U. SYSTEM 


The Crofton V.D.U. is an expandable system built 
up on a modular basis. The system comprises 
Rack and P.S.U., Video Sync Generator, 
Character Generator Board, Memory Board, 
Memory Extension Board, Cursor Control, Write 
Control Board, Tape/Phone Interface Board, 
Microprocessor (SC/MP) Board. The whole 
system will be gradually extended to make this 
one of the most versatile on the market. Available 
in modular form or ready constructed. 

Send S.A.E. for information. 

CROFTON ELECTRONICS LTD 

Dept. E, 35 Grosvenor Road, Twickenham, Middx. 

Tel. 01-891 1923 

condhand cameras and monitors always available 


Transistor Devices Limited 

Suite E, Georgian House, Trinity Street, Dorchester 
C-MOS, SSS, m, NSC 

Type Price (p) Type Price (p) Type Price (p) Type Price (p) 


4009 

4011 

4012 

4013 


4025 

4027 

4028 

4029 

4030 

4042 

4044 

4046 

4049 

4060 

4069 

4071 

4072 
4510 

4516 

4520 


20 7404 

99 7405 

62 7406 

62 7407 

20 7408 

20 7409 

51 7410 

107 7411 

114 7412 

51 7413 

62 7416 

132 7417 

114 7420 

113 7421 

104 7423 

20 7425 

60 7427 

95 7430 

123 7432 


7446 

7448 

7450 

7453 

7454 
7460 


25 7496 


LEDS and DISPLAYS 


Type Colour Size Price |-C INSERTION TOOLS 

209A Red T-1 20 C-MOS 14/16 pin £3-50 

C-MOS 24 pin to 

S BipolaM4/irpin £2-50 
2 Bipoiar 24/40 pin 

S O-Sin £6-70 


MICROS and MEMORIES 


MCS 6502 
MCS 6503 
MCS 6504 
MCS 6505 
MCS 6506 


MCS 6514A 
MCS 6515A 
MCS 6520 


rt. lOOmV FSO 100 Ma/I/P. DIFF i/P. CMR 70dB at DC ± 5\ 


MISCELLANEOUS BARGAINS! 

“Only while stocks last" 

E304 Sllconix FET 21 

MJE 2955 80 

BC 173C 10 for 100 


40349 VI RCA 


UM4 COLOUR-BOOSTER^- M4 VHF BOOSTER ■ FM2 VHf RADIO BOOSTER 


WHITE PLASTIC CJ 




TERMS: ADD 8% (or current rate) VAT to total. All orders under £10 add postage 
and packing 25p. Orders over £25 (for components only)-10%dl$count. Mail order 
only but trade enquiries welcomed. If goods not available for despatch in 7 days, 
cash automatically refunded. Delivery by post in U.K. so allow time for delivery 
even on same day despatch. Export charged at cost. Please quote |ournal. 
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RST 


VALVE MAIL ORDER CO. 

Climax House 

Fallsbrook Road, London SW16 6ED 

SPECIAL EXPRESS 
MAIL ORDER SERVICE 




2in X 2in meters 1mA, 500mA, 
C2-92. 16p P. & P. 

60 X 45mm meters 50tiA, lOOpA 
500 mA and 1mA VU meter, £4-14. 
lIpP. &P. 


4iln X 3iin METER. SOpA. 50pA 
or lOOpA, £4-75. 16p P. & P. 


MICROPHONES FOR 
TAPE RECORDERS 

DM228R 200 ohm with 3-5 
and 2-5mm Jack Plugs £1 
DM229R 50K with 3 5 and 
2'5mm Jack Plugs £1 

DM18D 200 ohm with 5 
and 3 pin Din Plugs £1-75 

Postage on above microphones 
lip 



CARDIOID 

DYNAMIC 

MICROPHONE 


Model UD-130 Frequency 
response 50-15,000c/s. 
Impedance Dual 50K ai 


Edgewise meters 90mm x 34mm, 
500uA, and 1mA, £3-40. 16p 
P. & P. 



TRANSFORMERS Primary 240V 
6-0-6V 100mA £0-75 

9-0-9V 75mA £0-75 

12-0-12V 50mA £0-85 

12-0-12V 100mA £105 

Post on above transformers 30p. 
9-0-9V 1A £1-80 

12-0-12V 1A £2-15 

18-0-15V 1A £2-36 

30-0-30V 1A £3-10 

6 3V 1|A £1-80 

6-0-6V liA £2-20 

Post on above transformers 45p. 


Alt above prices include V.A.T. LARGE S.A.E. for New List. 
Special prices for quantity quoted on request. 

M. DZIUBAS 

158 Bradshawgate ■ Bolton • Lancs. BL2 1BA 


Tivninpijs ^ 
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D. &gD.J»ower Supply Co Ltd 



J. BIRKETT 

RADIO COMPONENT SUPPLIERS 
25 The Strait, Lincoln LN2 1JF 

Tel. 20767 
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S|]ar^rile fnh3 

Capacitive discharge 

electronic ignition kit 






Smoother running 
Instant all-weather starting 
Continual peak performance 
Longer coil/battery/plug life 
Improved acceleration/top speeds 
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INVERTORS 



TOWERS 
INTERNATIONAL 
FET SELECTOR 


ceMOO 

MICROPROCESSOR/MICROPROGRAMM¬ 
ING HANDBOOK by B. Ward Price £4 00 
TRANSISTOR SUBSTITUTION HAND¬ 
BOOK by Howard Sams " " ■* 

AND AUDIO TECHNICAL 

:e book I ' * - 


£400 

RAOIO^ 1 

■annic hvs w 

HANDBOOK by 
Price £5-50 

THE RADIO AMATEUR’S HANDBOOK 


WORLD RADIO ' 


1977 b; 


Price £0 50 


STANDARD INTEGRATED CIRCUITS 


£5 00 
USING 
•■^S by 
£5 00 


: ALL PRICES INCLUDE POSTAGE ■; 


THE MODERN BOOK 00. 

BRITAIN’S LARGEST STOCKIST 



ASTRO ELECTRONICS 


MARCONI VALVE VOLTMETER, 

TF 428B £15 each. 

EX-MINISTRY GENERATOR, 

0-20 kHz; sine wave output; 
metered; 600 ohms, 240V input. 
Size 16 X 10 X 9 in. deep. 

£22-50 each 

EX-MINISTRY (MARCONI) 
METER, 0-6 watts multi-range, 
multi-impedance power. 

£30 each 

Don’t forget our PIck-a-Pack; 
Pick-a-Plece and Pick-a-Meter 
Areas 

Carriage all units £2-75. VAT 8% 


BMIL-TMEAD LTID 
7/9 ARTHUR ROAD, READING, BERKS. 

(rear Tech. College) Tel. Reading 582605 



THIS VOUCHER ENTITLES 
YOU TO A DISCOUNT OF 

ONE POUND 

£1 

OFF 

If you purchase a Radio- 
Alarm-Clock at £18-50 
(incl. VAT) + £1-45 

P. & P. and ins. 


D & D Power Supply 

Co. Ltd. 

79 Lowfield Street 
Dartford, Kent ' 









































fGSCZW Digital Frequency Meter 


Complete 50MHz 
kit £54 00 inc. 
VAT, post free 
(U.K.) 



uctor and Diode Pack 2-31 
_ rid Capacitor Pack 2-M 

■ Logic and Diaplay P.C.B.s 4-M 

■ SMHzCryatal 3« 

iTranaformarS-O-OVOSA 

■ (+75pP,4P,) 2.« 

■ Switches, Knob, BNC's etc. 4-13 


Min BNC Plugs (SO ohm) 
500MHz Prescaler Kit 
SP8631B SOOMHz i.C. 

NESg2 Wideband Video Amp 

Hi-2 Buffer Kit 

D.F.M. Reprint (post free) 


IGSCZW Digital Voltmeter 


Complete kit 
£44-30 inc. VAT, 
post free (U.K.) 



200 P. a P. tor*pecla’s 

m Deduct 8% — h-'v—. , , 

® ELECTRONICS (OLDHAM) LTD. 

83 Lees Road, Oldham OL4 1JW 

Tel. 061-624 8812 


FREE CATALOGUE BY RETURN 


ur easy to use FREE CATALOGUE 


FOR FAST SERVICE 
with 

BY RETURN DELIVERY 
PHONE OXFORD 
0865 49791 



GREEIMWELD 

Millbrook Road Southiampton 
SOI OHX Tel;C0703) 772501 

BUY A COMPLETE RANGE 
OF COMPONENTS AND 
THESE PACKS WILL 
HELP YOU 

SAVE ON TIME—No delays in waiting 
for parts to come or shops to open! 
SAVE ON MONEY—Buik buying means 
iowest prices—Just compare with 
others! 

^ HAVE THE RIGHT PART—No guess¬ 
work or substitution necessary! 

ALL PACKS CONTAIN FULL SPEC, BRAND NEW, 
MARKED DEVICES—SENT BY RETURN OF POST. 
VAT INCLUSIVE PRICES, JUST ADD 25p post TO ALL 
ORDERS. 

K001 50V ceramic plate capacitors, 5%. 10 of each 
value 22pF to lOOOpF. Total 210, £3-35 

K002 Extended range, 22pF to 0 1uF. 330 values 

£4-90 

K003 Polyester capacitors, 10 each of these values: 
0 01, 0 015, 0 022, 0 033, 0 047, 0 068, 0-1, 0-15, 0-22, 
0-33, 0-47 mF. 110 altogether for £4-75 

K004 Mylar capacitors, min 100V type. 10 each all 
values from lOOOpF to lO.OOOpF. Total 130 for £4-45 

K005 Polystyrene capacitors, 10 each value from 
10pF to 10,000pF, E12 series 5% 160V. Total 370 for 
£12-30 

K006 Tantalum bead capacitors. 10 each of the 
following: 0-1, 0-15, 0-22, 0-33, 0-47, 0-68, 1, 2-2, 3-3, 
4-7, 6-8, all 35V; 10/25 15/16 22/16 33/10 47/6100/3. Total 
170 tants for £14-20 

K007 Electrolytic capacitors 25V working, small 
physical size. 10 each of these popular values: 1, 2-2, 
4-7, 10, 22, 47, lOOpF. Total 70 for £3-50 

K008 Extended range, as above, also including 220, 
470 and lOOOpF. Total 100 for £5-90 

K021 Miniature carbon film 5% resistors, CR25 or 
similar. 10 of each value from 10R to 1M, E12 series. 
Total 610 resistors, £6-00 

K022 Extended range, total 850 resistors from 1R to 
10M £8-30 

K041 Zener diodes, 400mW 5%. BZY88 etc. 10 of each 
value from 27V to 36V, E24 series. Total 280 for 
£15-30 

K042 As above but 5 of each value £8-70 

1977 Catalogue 30p if ordered with other goods, otherwise 45p inc. 


THE GREENWELD DRAGON IS 
YOUR GUARDIAN OF GOOD VALUE. 
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SMALL ADS 

The prepaid rate for classified advertisements is 15 
pence per word (minimum 12 words), box number 
40p extra. Semi-display setting £12 00 per single 
column inch (2-5cm). All cheques, postal orders 
etc., to be made payable to Practical Electronics and 
crossed "Lloyds Bank Ltd". Treasury notes should 
always be sent registered post. Advertisements, 
together with remittance, should be sent to the 
Classified Advertisement Manager. Practical Elec¬ 
tronics, Room 2337, IPC Magazines Limited, 
King’s Reach Tower. Stamford St., London, 
SE1 9LS. (Telephone 01-261 5846). 


CONDITIONS OF ACCEPTANCE 
OF CLASSIFIED ADVERTISEMENTS 



QUALITY PORTABLE RADIOS bargain prices 
whiie stocks last. A smart MW/LW set with metal 
facia only SS'50. Also sensitive FH/AM Model black 
with Aluminium Dial Trim and Telescopic Aerial 
only tt Inc. VAT and postage. Supplied with batteries, 
earphone and guarantee. ELECTRONIC SUPPLIES, 
‘hvlew, Station Road, Bramley, Near Guildford, 




CARBON FILM RESISTORS. 5% E12 Se 

iW, JW. Mixed to your choice, 100 for » 
trolytics 50/15V, lO^lSV Tp. Mlcroprocesso 
T1S, Introklt STT, Keyboard kit B74. MM 


Precision Polycarbonate Capacitoi 


ioZfllv: 

I5mF/20V; 22/1F/I5V; 33mF/I 0V; •47/4F/6-3V at 2lp' 


BC107/8/9 lip 


BC184/212/3 Up 


BF 96/197 I5p 
BF262/263 40p 

BFY50/5I/52 22p 
BFX84/e5 29p 
BFXB6/87 3lp 
BRIOl 4lp 

GET872 I5p 
OC44/OC45 40p 


SN76'o*I3Nd!1 


_Ito: OA47_lip; OA8I—I5p; OA90 & 91—7p 

—7p; IO/66p; IN9I6—Bp; IO/77p; IS44—7p; 

aoeilllp ;'o07— 10??TiL209—a 
LOW PRICE ZENER DIODES—SOOmW.Tol. : 








RESISTORS—Hish stability, io 

2-20 a 2.2Mn (730 resistors) £6 . 

SUBMINIATURE VERTICAL PRESETS—O IW 

50; 100; 220: 470; 680.. .-.o. sut. ato. loi.. 

22k;471c; I00k;320k; 
lOforSOp; 100 for £5 ... 

PLEASE ADD25P POST AND PACKING ON ALL ORD 


EXPORT—ADD COST OF SEA/AIRMAIL. A 


i 8% 


MARCO TRADING (Dept. P.3) 

The 094 8 


colours. 50, SS’25; 100, £9-25, including 
and post and packing. O.W.O. MKIIj 
WILLIAMS ELECTRONICS, 47 Vicarage ‘ 
Cheadle Hulme, Cheshire, SK8 7JP. 


TURN YOUR SURPLUS capacitors, transistors, 
into cash. Contact COLES-HARDING & CO 
South Brink, Wisbech, Cambs. Tel. 0945 
Immedis*—-* 


ELECTRICAL 


STYLI, CARTRIDGES AND AUDIO LEADS, e 

the best at' keenest prices send S.A.E. for fre 
illustrated list to: FELSTE AD ELECTRONICS (PE 
Longley Lane, Gatley, Cheadle, Cheshire, SK8 4Er 
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NO LICENCE 


neUish, Ewall, Surrey (P.E.) 


CABINET FITTINGS 






100 Resistors 75p 


PRACTICAL ELECTRONICS P.C.B.’S 








ORDER FORM please write in block capitals 

Please insert the advertisement below in the next available issue of Practicai Eiectronics for..... 

insertions. I enclose Cheque/P O. for £..... 

(Cheques and Postal Orders should be crossed Lloyds Bank Ltd. and made payable to Practical Electronics) 
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PHOENIX ELECTRONICS 

(SOLENT) LTD 

46 Osborne Road, Southsea, Hants 

1N4148 

22p 


Buy 

More for Less Outlay with Our Bargain Packs 


...1 . 








NEW ELECTRONIC IGNITION 
UNIT THAT SAVES MONEY 
AND IMPROVES PERFORMANCE 
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S?SVo!z3S 








S.fp:aS-Wi"iW: 


IMIiS 

GEARED MOTORS -m. 



BODINE TYPE N.C.I. 

iilMIssP-”—" 





M 




S!r.;,",i, 5 ,«n;v“'"°"'’” 


ptsEIMls-:'— 



j'w.a'S' 


Q 




:. PE11, 57 BRIDGMAN ROAD 
USWICK, LONDON W4 5BB 
Phone 01-995 1560 



SERVICE 
TRADING CO. 
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Our bi-monthly newslettar keeps you up to date with latest 
guaranteed prices - our latest special oKers (they save you 
pounds) - details of new projacte and new lines. Send 30p 
for the next six issues (5p discount voucher with each copy). 

MAPLIN ELECTRONIC SUPPLIES 

P.O. BOX 3 RAYLEIGH ESSEX SS6 SLR 

Telephone; Southend (0702) 715155 
Shop: 284, London Road, Westcliff-on-Sea, Essex 

(Closed on Monday) Telephone; Southend (0702) 47379 


IT’S A FANTASTIC BESTSELLER! 

216 big (11" X 8") pages! Over a thousand illustrations! 

Over 30 pages of complete projects to build! 

Thousands and thousands of useful components described 
and illustrated! No wonder it’s a bestseller! 

DON’T MISS OUT! SEND 60p NOW! 


I POST THIS COUPON NOW FOR YOUR COPY OF OUR CATALOGUE 
I • * PRICE 60p 


I Please rustt'me a copy of your 21G page catalogue by return of post. 

I I enclose eOp.but understand that if I am not completely satisfied I may 
' return the.patalogue to you within 14 days and have my 60p refunded 












































